Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



In 



PLATE-GIRDER 

Railway Bridges 



MAURICE FITZMAURICE 




EtinDiin: 

E. & F. N. SPON, I2S STRAND 
SPON & CHAMBERLAIN, 13 CORTLANDT STREET 



PREFACE 



The great majority of bridges on a line of railway 
are short-span plate-girder bridges. This book is 
intended to help those young engineers who, joining 
an engineer s office for the first time, find themselves 
engaged in this class of work. All complicated 
calculations have been avoided and the object in 
view has been to help the student or pupil to design 
a bridge of this kind efficiently, cheaply, simply, and 
in accordance with modern practice. 

The theoretical knowledge required is small, and 
an attempt has been made not to enlarge on this 
part of the subject more than absolutely necessary. 

Practical details with regard to construction and 
erection, together with particulars of market sizes of 
plates, &c., have been given as far as possible. 

A chapter has been given to specifications for 
steel and iron, and to some notes on the treatment 
of these metals in the manufacture of bridge work, 
accompanied by some remarks on the working 
stresses to be adopted in these materials. 
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The detailed drawings of bridges, and the calcu- 
lations accompanying them will, it is probable, be 
more useful than abstract remarks on the subject. 
Several kinds of modern trough floors have been 
given, with remarks thereon. 

While space has not allowed detailed reference 
to more than a few types of bridges, it is hoped that 
enough has been said, with regard to theoretical 
principles and practical details, to simplify the design 
of any structure which may be presented under the 
head of Plate-girder Railway Bridges. 

M. F. 

June 1S95, 
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CHAPTER I. 

STRAINS IN BEAMS AND GIRDERS. 

We shall assume for the present that all the external 
forces acting on a girder are vertical. 

Consider the external forces on one side of any 
vertical section of a girder, and take the moment of 
each of these forces around this section ; the sum of 
all these moments is called the bending moment at 
this section. 

Consider the case of a girder supported at both 
ends and loaded in the centre with a concentrated 
load as in Fig. i. We shall call the weight in the 
middle W. This weight is supported by the girder 
A B, which in turn is supported by the two abut- 
ments. It is evident that the reaction at each 

abutment is equal to — . The bending moment at 

the centre is, from our definition, 

W / W/ 
— X - = . 

224 
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Let US now take a vertical section distant x from 
the left abutment. Considering the forces to the 
left of this section, we find the only force is the 



FIG. I. 







I 




reaction at the left abutment which is — ; the bend- 

2 

ing moment at the section we have taken is therefore 
— XX. If we consider the forces to the right of 

the section we have the force W and the reaction 
— , and the bending moment at the section due to 
these forces is, 



(/_^)_w(^-^) = 



]^(/_,)_wf^-.U^/-^._W, 



+ W a: = — X ^, 



which, of course, is the same as we obtained by 

considering the forces on the left side of the section. 

We shall now consider the girder supported at 

both ends as before, but having more than one weight 



CONCENTRATED LOADS, 



on it. We shall call the left reaction Ri and the right 
reaction Ra. 

Fig. 2 shows the girder with three weights Wi, 
Wa and W3 on it, at the distances shown from the 
left abutment 

FIG. 2, 
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We know that the reactions are, 



Ri = W, 



/ — «, 



+ w, 



/ — ^fl 



+ w, 



I '- a 



3 



^1 



R, = w,^^ + Wa^^ + W3^^ 



^2 , "ITT ^3 

»7 + ^^7 



Consider the bending moment at a section distant 
X from the left abutment. The forces to the left of 
this section are Ri and Wj. The bending moment 
at section is therefore, 

Ri ^ — Wi {x — a^. 

If we now consider the forces to the right of the 
section we find Ra, W, and W3, and the bending 
moment at the section is, 

Ra {l-x)- W3 (^3 -;»:)- Wa (a, -^). 

B 2 
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the bending moment at the centre on some particular 
scale (say a certain number of foot-tons to the inch). 
The extremity of this vertical is joined to the points 

FIG. 4. 




of support, then the ordinate V, at any section C, is 
the bending moment at that section to the same 
scale. 

Let us now consider Fig. 2. If we calculate the 
values of the bending moments at each weight, and 
set up at each weight verticals equal to these bending 
moments, and join their extremities, and also the 
extremities of the end ones with the points of 
support, the ordinates thus given will represent the 
bending moments at their respective points. 

In Fig. 5, Vi Va V3 are the verticals set up at 
the weights Wi Wj and W3, equal on some scale to 
the bending moments at these points. Then the 
bending moment at any other point C is represented 
by the ordinate V. 

It may not be quite clear that the line joining 
the extremities of the verticals, which represent on 
a certain scale the bending moments at the points 
where the weights are situated, will give the bending 
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moments at the intermediate points, but this can 
easily be made clear. 

The bending moment at a point distant x from 
the left abutment, and situated between the weights 
W, and Wj, we have found to be, 

and the bending moment at the weights Wi is Ri o,. 
The difference between these bending moments is, 

Ri;*:-W. (r-a,)-Ria, = R,{x-a,)-V^,{x-a,) 

therefore, the increase of bending moment shown by 
length b on diagram between the weight Wj and any 
point situated between W, and W3, any distance x 
from the left abutment, varies directly as {:i: — a^ ; 
that is, it varies directly with its distance from W, ; 




and the upper extremity of the lengths corresponding 
to these differences must He on a line passing through 
the upper extremity of the vertical at W„ and we 




s 
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know that at the weight Wj this line must pass 
through the extremity of the vertical there ; therefore 
the ordinates of the line joining the extremities of 
the verticals erected at Wi and Wa, and which 
represent the bending moments at these points, 
must give the bending moments at all intermediate 
points to the same scale, and similarly, it can be 
proved between any other verticals. 

Referring now to Fig. 3 : From the equation of 
the bending moment we can see that the line join- 
ing the extremities of the bending moment ordinates 
is a parabola. If we therefore erect at centre a 
vertical Vi equal to the bending moment at the 
centre on any scale, and describe a parabola having 
its vertex at the extremity of Vi, and passing through 
the points of support, the ordinate at any point will 
give the bending moment at that point on the same 
scale. This is done in Fig. 6. For instance, at the 

FIG. 6. 




point C the ordinate V gives the bending moment 
at that point. When the ordinate in the centre is 
taken on such a scale so that Vi is not more than 
one-tenth of /, a circle and parabola are for practical 
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purposes the same, and the former may be described 
instead of the latter. 

When in addition to a uniform load on a girder 
one or more isolated loads are placed on it the 
bending moment at any point will be of course the 
sum of the bending moments at that point for each 
kind of loading. 

For a given intensity of load per unit of length, 
a uniform load over the whole girder produces a 
greater bending moment at each cross section than 
any partial load. 

** Let the two ends of the girder be called C and 
D, and any intermediate cross-section E. Then for 
a uniform load the bending moment at E is an 



FIG. 7. 




upward moment, being equal to the upward moment 
of the supporting forces at either of the ends rela- 
tively to E minus the downward moment of the 
uniform load between that end and E. A partial 
load is produced by removing the uniform load from 
part of the beam situated either between E and C, 
between E and D, or at both sides of E. First let 
the load be removed from any part of the beam 
between E and C ; then the downward moment, rela- 
tively to E, of the load between E and D is unal- 



lO 
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tered ; and the upward moment, relatively to E, of 
the supporting force at D, is diminished in conse- 
quence of the diminution of that force ; therefore 
the bending moment at E is diminished. Similarly, 
it can be proved that if the load be removed from 
part of the girder between E and D, the bending 
moment at E is diminished, and the combined effect 
of these operations takes place when the load is 
remoyed from portions of the beam lying on both 
sides of E ; so that the removal of the load from 
any portion of the beam diminishes the bending 
moment at each point." * 

Before considering how a girder resists the 
stresses produced by the bending moments at the 
different sections we shall first shortly consider what 
are called the shearing stresses in girders. 

The shearing strain at any section of a girder is 
the amount of the load transmitted through that 
section to the abutment. 



FIG. 8. 




In Fig. 8 we have a girder loaded with a weight 
W at a distance a from the left abutment. The 
amount of the load transmitted to the left abutment 

* Rankine, * Applied Mechanics.' 
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is —. — W, and to the right abutment Is -j W. The 

shearing stress therefore at any point between 
I ~ a . 



W and the left abutment is 



- W, and between 



were in the centre of the girder the shearing strain 
at any point between the centre and the abutment 

W 

would be — . 

In Fig. 9 we have a girder loaded uniformly 
with a weight of w per unit of length. The amount 

of weight transmitted to each abutment is ^. 



~^l« 


rrm 


Tf4=ftnc:5fyfTi 


'^^t,^ 






A 




■ 






1 



Consider a section distant a from the left abut- 
ment. The amount of the load transmitted through 
this section to the abutment Is evidently the reaction 
of the abutment, less the weight between the section 

and the abutment, and is therefore w a or 

2 

From this it is seen that when a = 



'(t-4 



the shear is zero, or that the shear at the centre 



1 2 PL A TE-GIRDER RAIL WA Y BRIDGES. 

IS nil, and the shear increases directly in proportion 
to the distance from the centre. 

If in Fig. 8 we erect at the left abutment a ver- 

tical equal on any scale to — -, — W, and similarly at 

the right abutment a vertical equal to j W, and 

draw horizontals through the extremities of these 
verticals until they meet a vertical erected at W, 
the ordinates thus obtained give the shear at any 
section to the same scale. 

If in Fig. 9 we erect at each abutment a vertical 

on any scale equal to — and join the extremities of 

these verticals with the centre of the line represent- 
ing the girder, the ordinate thus obtained at any 
section will represent the shear at that section to 
the same scale. 

For a given intensity of load per unit of length, 
the greatest shearing force at any cross section of a 
girder takes place when the longer of the two parts 
into which that section divides the girder is loaded 
and the shorter unloaded. 

" Let the ends of the girder Fig. lo be called C 
and D, and the given cross section E ; and let C E 
be the longer part, and E D the shorter part of the 
girder. In the first place let C E be loaded and E D 
unloaded. The load may be altered either by put- 
ting weight between D and E, or by removing 
weight between C and E. If any weight be put 
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between D and E, a force equal to pari of that 
weight is added to the supporting force at D, and 
therefore to the shearing force at E ; but a force 



equal to the whole of that weight is taken away 
from that shearing force, and therefore the shearing 
force at E is diminished by the alteration of the 
load. If weight be removed from the load between 
C and E, the shearing force at E is diminished also, 
because of the diminution of the supporting force at 
D. Therefore any alteration from that distribution 
of the load in which the longer segment C E is 
loaded, and the shorter segment E D unloaded, 
diminishes the shearing force at E." * 

In Fig. II, let a uniform load, whose length ex- 
ceeds the span of the girder, pass over the girder, 
moving from right to left. Then if the head of the 
load is in any position distant x from the right abut- 
ment, the shearing force throughout the unloaded 
portion of the girder is equal to the reaction at the 

left abutment = w x x — , = — j . 
2 / 2 / 

As the load moves forward the shear at the 

head of the load increases as the ordinates of a 

* Rankine, 'Applied. Mechanics.' 
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parabola, and is given by the ordinates of the curve 



wl 



a. e. d, where bd — — , which is the shear at the 
' 2 

right abutment when the moving load completely 
covers the span. From what we have previously 



FIG. II. 




seen above, as soon as the head of the load passes 
the centre of the girder the shearing force, at what- 
ever section the head of the load may be, is the 
maximum shearing force which this load could im- 
pose at that section ; that is, from e to dy the ordinates 
of the curve at any section give the maximum shear 
which the moving load can impose at that section. 
If the moving load now goes from left to right, we 
have the corresponding curve bee giving the shears 
at the head of the load as it moves over, and in this 
case the ordinates to the right of the centre give the 
maximum shears which the moving load can impose 
at any section ; therefore, whether the load moves 
from right to left or viee versa, the ordinates between 
the line a b and the curve e e d, give the maximum 
shear at each section of the girder. 
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If we now consider the live and dead load 
together : 

In Fig. 12, the ordinates above the line a b give 
the shear at each point for the dead load, and the 
ordinates between a b and the full curved line be- 



no. 12. 




low give the maximum shears at any point from 
the moving load ; therefore the lines between the 
boundaries of the two shears such as z y^ give 
the maximum shear at any point from both dead 
and live loads. 



i6 
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CHAPTER II. 



STRAINS IN GIRDERS. 



Let us now consider how a girder resists the effect 
of the bending moment at any point. 

Let Fig. 13 represent a horizontal flanged girder 
with continuous web. Let / be the span, centre to 



FIG. 13, 







CROSS SECTION 
AT a/.6. 



centre of bearings, let d be the depth between centres 
of flanges, and suppose a load W in the middle. 
Take a section, distant x from the left abutment. 
The forces keeping the portion of the girder between 
the left abutment and x in equilibrium are the 

reaction — , the horizontal forces of compression and 
2 

tension in the top and bottom flanges respectively at 

a and b, and the shearing force at the section a b, 

neglecting, as is usual in English practice, any 
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horizontal strain that may be taken up by the plate- 
web. Take moments around point a and we 
have, 

~ K X ^ tension in bottom flange x d. 



and taking moments around 5 we have 

— y: X = compression in top flange x d, 

the shearing forces in each case disappearing. It 
will thus be seen that the compression in the top 
flange is equal to the tension in the bottom flange. 

The left-hand side of both equations is the 
bending moment at the section a b ; therefore we 
have, 

The compression in top flange = tension in bottom 
flange = bending moment -=- the depth of the girder. 

Similarly, for any other section of the girder, the 
stress in either flange at any point is equal to the 
bending moment at that point divided by the depth 
of the girder ; and in any horizontal flanged girder 
with continuous web, however loaded, the stress in 
either flange at any point is equal to the bending 
moment at that point divided by the depth of the 
girder. 

In a girder, therefore, loaded at the centre with 
a weight W, the stress in either flange at the centre 
- W/ 
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In a girder loaded uniformly with a load w per 
unit of length, the stress in either flange at the 

, or if the total load ze; / = W, the 



centre is = 



Zd 



stress in either flange = 



8 d' 



Since the stress in the flanges of a horizontal 
girder with a continuous web is always equal to the 
bending moment, divided by the depth of the girder, 
it follows that, if we have a curve whose ordinate at 
any point represents the bending moment at that 
point, the same curve, but to a scale d times greater 
than the scale used for bending moments, where 
d = depth of girder, will represent the stresses in 
the flanges. 

Thus, in Fig. 14, if the ordinates of the curve 
a b c represent the bending moments of a girder of 




40 feet span and 4 feet deep, to a scale of 20 foot- 
tons to the inch, the ordinates of the same curve, 
but to a scale of 5 tons to the inch, give the stresses 
in the flanges. 



CHAPTER III. 

STRAINS IN SOLID liEAMS. 



We shall now briefly consider the effect of transverse 
loads on solid beams. 

If a beam be supported at both ends and loaded 
transversely, the upper fibres are in compression and 
the lower in tension, and the neutral axis, \. e. the 
position where the fibres are neither in tension nor 
compression, passes through the centre of gravity of 
the section. 

The determination of the strength of the beam 
depends on the theory that every fibre in a beam is 
strained in direct proportion to its distance from the 
neutral axis. 

" Representing the effect of this condition geo- 
metrically for a square cross-section we are informed 
of the following facts. The neutral axis being at 
the middle of the depth, at that point the horizon- 
tal strain will be nil ; increasing to the maximum 
amount at the extreme depth. If, therefore, we 
draw the diagonals of the square (Fig. 15) we obtain 
two triangles — shaded on the diagram — the width of 
which at any given distance from the neutral axis 
will be proportional to the horizontal strain on the 
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fibres at the same point, and the area of which will, 
consequently, be proportional to the sum of the 
horizontal action of all the fibres on each side of the 



FIG. 15. 




neutral axis. In short, the area of the triangle 
represents the equivalent area of metal, assuming 
the stress at all points to be equal in amount to that 
on the extreme fibres." * 

The centre of gravity of each of these triangles 
is of course at a point two-thirds of the height of the 
triangle from the apex. We may, therefore, consider 
the whole of the area of each triangle concentrated 
at this point ; and as in the case of a flanged girder, 
the stress in either flange was equal to the bending 
moment divided by the depth of the girder, in this 
case we may say the stress in each triangle is equal 
to the bending moment divided by the depth between 
the centres of gravity of the two triangles. In this 
case, therefore, the stress in each triangle will be 

* B. Baker, ' Beams, Columns and Arches.' 



SOLID BEAMS. 



BM 



and if we divide this by the area of the triangle 

(as in a flanged girder we divide the similar expres- 
sion by the area of the flange) we get the stress per 

square inch to be B M -^ (f </ X -) = B M -r- ^' 

The stress per square inch thus obtained is the stress 
per square inch in the extreme fibres. The expres- 



section ; and for any section, the bending moment at 
that section divided by the moment of resistance for 
that section gives the stress per square inch in the 
extreme fibres. 

As an example, suppose we have a bar of iron 
6 inches square, on supports lo feet apart, loaded 
with 5 tons in the middle ; let us find the stress on 
the extreme fibres in the centre of the span. 

The bending moment at the centre, due to the 



5 tons in the middle, is 



5 tons X i2oinches_ 



1 50 inch- 



tons. The weight of the bar will be, say half a ton ; 
therefore the bending moment, at the centre, due to 

its own weight, is — ^— = 7'5 inch-tons; and 

therefore the total bending moment at the centre 
= 157 "5 inch-tons. The moment of resistance is 

d^ _ e 

6 ~ 6 



36, and therefore the bending mo- 



ment divided by the moment of resistance = 



157-5 
36 
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= 4'4tons, which is the stress per square inch in 
the extreme fibres. 

In beams of non-symmetrical cross-section we 
shall be able to find the moment of resistance with 
very little more trouble than in symmetrical sec- 
tions, If we remember the two fundamental rules : — 
(i) The neutral axis passes through the centre of 
gravity of the section. (2) Each fibre is strained 
in direct proportion to its distance from the neutral 
axis. 

As an example of finding the strength of an 
unsymmetrical section, we shall take the case of a 
trough floor which has been used on a large number 
of bridges, and of which the section of one flute is 
shown full size in Plate I, The pitch of the troughs 
is 2 feet 4 inches, centre to centre, and they are 
connected at the top table by 8-inch by ^-inch 
plate. There are no rivets in the bottom table, and 
as the top will be in compression, assuming that the 
troughs are not fixed at the ends, the rivet holes there 
need not be considered. 

To save work we shall consider only half of one 
flute, that is, the portion shown between the thick 
dotted lines. The strength of the whole flute 
will of course be double the strength of this por- 
tion. 

There is no difficulty in finding the position of 

the centre of gravity of this section. The area of 

half the trough without the cover on top table is 

I 11*953 square inches, and the area of the cover 2*5 
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square inches. Taking the moment of each of these 
around the bottom edge we have : — 

= +8-559 



Moment of trough = 
Moment of cover = 



II '953 sq. inches x 4j^ inches - 
2-S „ X StV 



Total Moment = 69-653 



If we then divide the total moment by the total 
area we get the height of the centre of gravity of 
the section above the bottom edge, thus : — 



69 '653 
i4'453 



= 4 



82 inches. 



Now, remembering that the stress in each fibre 
is proportional to its distance from the neutral axis 
we see that the maximum stress must be at the 
bottom fibre. For the portion below the neutral 
axis, consider the horizontal fibre a b ; draw vertical 
lines from its extremities to the bottom edge or to 
the line of the bottom edge produced, join the two 
points on the bottom edge thus obtained to the 
point o, which is the centre of the beam at the neu- 
tral axis ; these two lines intercept a certain length 
on the horizontal fibre a b, or the horizontal fibre 
a b produced. Making a similar construction for 
all the fibres below the neutral axis we obtain the 
shaded area in diagram which represents the equiva- 
lent area of metal, assuming the stress at all points 
to be equal to that on the extreme fibre in a similar 
way to that used for the square section. For the 
portion above the neutral axis the construction is 
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similar, except that, as the extreme fibre is closer 
to the neutral axis than the extreme fibre in the 
lower portion ; we must draw our vertical lines to a 
horizontal line which is the same distance from the 
neutral axis as the extreme fibre in the lower por- 
tion of the section is. The construction is shown 
for the fibre c d. The shaded portions in the figure 
were obtained by taking fibres one-eighth of an inch 
apart horizontally, and is quite close enough for sec- 
tions of this kind. It may also be noted that any 
other point on the neutral axis might be used to 
radiate to instead of the point O. 

It is evident now that if the construction is cor- 
rect, the shaded figures on each side of the neutral 
axis must be equal. On taking out their areas 
with a planimeter they are each found to be practi- 
cally 4'55 square inches. 

We have now to find the centre of gravity of 
each of these shaded figures, and this is done quickly 
by cutting them out in cardboard, and pinning each 
one to a vertical board or wall. If a line of thread 
with a weight on it is now hung from the same pin, 
this line will pass through the centre of gravity of 
the figure if the cardboard is free to rotate on the 
pin. If the cardboard is hung afterwards from the 
pin by another hole in the cardboard the plumb line 
will again pass through the centre of gravity, and 
the intersection of the lines thus traced on the card- 
board by the plumb line will give the centre of J 
gravity of the section. 



SOLID BEAMS. 

In this way, in the sections under consideration, 
we have found that the centre of gravity of the 
upper shaded figure is 3*13 inches above, and of 
the lower figure 4*02 inches below the neutral axis. 
The moment of resistance of the section is the area 
of either figure multiplied by the distance between 
the centres of gravity of the two figures. We have 
found that the area is 4' 55 square inches and the 
distance between the centres of gravity is 7 " 1 5 
inches, therefore the moment of resistance of the 
section is 

4*55 X 7"i5 = 32-53 



and therefore the moment of resistance for the 
whole flute will be 65 "06 in inch units. 

We can now find the theoretical strength of any 
solid beam, and if we know the direct ultimate 
strength of the metal, we can calculate what load 
will produce a stress on the outside fibre equal to 
its ultimate strength ; theoretically the beam ought 
then to break, but practically it will not do so. The 
increase of strength is due to the lateral adhesion of 
the fibres, and the proportionate increase of strength 
is different for different cross sections, and for differ- 
ent metals. In rectangular and round cross sections 
the strength may be increased above that found by 
theory from 60 to 70 per cent, in wrought iron or 
steel, and to 125 per cent, in cast iron. As the 
form of section approaches the I section the in- 
• of strength gets less and less, and in the 
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calculations which will have to be made in these 
pages for bridge floors and floor beams will be neg- 
lected. 

This increase of strength above that shown in 
theory is however of vital importance in beams ap- 
proximating to rectangular and round sections, and 
in all sections where a great proportion of the metal 
is near the neutral axis. 



CHAPTER IV. 

LOADS ON BRIDGES. 



We have now gone through nearly all the theory 
which is necessary for the construction of such 
bridges as we propose to deal with ; any other points 
which may appear to require explanation will be 
dealt with as arrived at. 

Loads on Bridges. 

The Dead Load on the main girders of a railway 
bridge may be divided into four divisions : — ist, the 
weight of the main girders themselves ; 2nd, the 
weight of iron or steel floor, including cross-girders 
and longitudinals, if used ; 3rd, the weight of the 
permanent way, made up of rails, chairs, sleepers 
and fastenings ; 4th, weight of ballast, concrete, &c., 
if used. 

In the spans which are now under consideration 
the weight of the main girders is a very small por- 
tion of the total load which the girders have to be 
designed to carry. As the span increases the 
weight of the main girders becomes a larger propor- 
tion of the total weight, but in a 50-foot span for 
double line, the weight of the main girders would 




or a H 
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not be more than about 8 per cent, of the total 
weight, and in smaller spans of course a still less 
percentage. 

The following table will give a sufficiently close 
approximation, for purposes of calculation, to the 
weights of main girders of different spans for a 
double line, when the track is carried on a floor 
resting on the flanges of girders. As the weight 
of main girders, as above shown, is a small percent- 
age of the total load, this table may be used for 
either iron or steel, without great error, although 
iron would be a little more, and steel a little less. 



Bridges with Two Main Girders. 



Span in Feet. 

20 

25 
30 

35 
40 

45 



Weight in Cwts. 
per foot run. 

3.5 

4-0 

4'5 
5-0 
5-6 

6-4 



Span in Feet. 
50 

55 
60 

70 

80 



Weight in Cwts. 
per foot run. 

7"0 
7.7 

8-5 
9*6 

IO-8 



Span in Feet. 

20 

25 
30 

- 35 
40 



Bridges with Three Main Girders. 



Weight in Cwts. 
per foot run. 

4-0 

4-7 

5*5 
6*3 

6*9 



Span in Feet. 






Weight in Cwts 
per foot run. 


45 


•• 


. • 


7-5 


50 


. • 


. • 


8-1 


55 


• • 


•• 


8-7 


60 


•• • 


• • 


9*3 



The weight of steel or iron floor, now that so 
many different kinds of floors are in use, varies very 
much, and the weight of the actual floor used for 
any bridge should be worked . out before designing 
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the main girders. For a double line with three 
main girders and light troughs it may be as low as 
five cwts. per foot run, and with two main girders 
and heavy troughs it may go up to nearly double this 
amount. 

The weight of permanent way is of course a 
weight easily obtainable for any particular railway, 
varying only a little as cross-sleeper or longitudinal 
sleeper is used on the bridge. 

The weight of ballast and concrete, if any, varies 
of course with the materials used for these purposes 
in the neighbourhood. In the case of ballast, it will 
be well to allow for ballast when wet, which is very 
much heavier than when dry. 

The Rolling Load in small-span bridges is by far 
the most important element of the total load. The 
first, thing, therefore, in designing bridges for any 
particular railway is to get all particulars of the 
heaviest engines which are used on this particular 
line, or which may be liable to go over it. The 
engine having the greatest total weight may not be 
that which will impose the greatest stresses on very 
small spans, as an engine whose total weight is less 
may possibly have a heavier load on its driving 
wheels. However, we can generally decide on one 
engine which we can use for all spans. 

The easiest way now to deal with the weight of 
the engine which we have decided on is to construct 
a table giving the equivalent uniform loads per foot 
run which would produce the same effect for different 
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Spans as the maximum effect produced by this engine. 
We can work this table out for spans, increasing by, 
say 3 feet or 5 feet, and then we can interpolate the 
values for the intermediate spans. 

Let us take the heavy tank engine, as shown 
below in Fig. 16, where the weights on the axles are 
respectively 8 tons, 8 tons, 17.5 tons and 17*5 tons, 
and the distances apart of the axles as shown. 



FIG. 16. 
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If this engine is placed on a 30-foot span, the 
position which gives the maximum bending moment 
is as in Fig. 1 7. 

FIG. 17. 




The diagram of bending moments is shown by 
full lines.* If we now draw a circle, shown dotted 
in Fig. 17, passing through the points of support 
and just clearing the diagram of bending moments, 
this circle will be the curve of bending moments for 
a uniform load which will have practically the same 
effect on the girder as the engine load we are con- 
sidering. By this method, the following table gives 



ROLLING LOADS. 



the equivalent uniform load per foot run for each 
track which would produce same effect as the tank 
engine shown above, two such engines being coupled 
together, for the spans above 35 feet. 



47-0 
43'8 


50 
5S 


33 z 
32'9 


4I-0 


60 


3Z'S 


.. .. 38-2 


70 


32-1 


.. 36-1 


80 


31-9 


34-3 







The equivalent uniform loads per foot run, given 
in the above table, refer to calculations as regards 
stresses in both flanges, and webs. 

The distribution of the actual loads which would 
give the maximum shear at any section, would of 
course be quite different from the distribution which 
gives the maximum bending moment, as explained 
in pages 9 and 12. 

Suppose we have a single concentrated load W 
in the centre of a span. The total uniform distributed 
load which would give the same maximum bending 
moment would be 2 W. For the single concentrated 
load W in the centre, the shear close to either abut- 
ment is — ; for the uniform distributed load, the 
2 

shear close to either abutment would be W. There- 
fore, the uniform distributed load, which gives the 
same maximum bending moment as the concentrated 
load in the centre, gives double the shear at either 




abutment. If the concentrated load, however, is 
now rolled across the span, the shear when it is 
close to either abutment is W. We see, therefore, 
that in this case the equivalent uniform distributed 
load does give the maximum shear as well as the 
maximum bending moment. Although, when two 
or more rolling loads pass over a span, a similar 
statement will not hold absolutely, still without any 
great error the table above given of equivalent uni- 
form distributed load, may be used for calculating 
the maximum bending moments and the maximum 
shears at any section ; in the former case the uniform 
distributed load covering the whole span, and in the 
latter case the uniform distributed load passing from 
one side of the span to the other. 

The effect of wind pressure on small bridges such 
as we are considering is not important, and the 
increase of stress in flanges due to it is so small, that 
in bridges with a continuous floor it need not be 
considered. The horizontal force of the wind is 
resisted by the bridge acting as a horizontal girder 
of a depth equal to the width of the bridge, the main 
girders acting in part as flanges, and the continuous 
floor as web. It is obvious that in small spans the 
depth of this horizontal girder is very great in pro- 
portion to the span. If there is not a continuous 
floor horizontal bracing must be introduced. When 
there are cross-girders firmly attached to the flanges 
of the main girders, flat bars crossing each other, 
riveted to the flanges of the main girders at the 
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ends of the cross girders, are sufficient for this pur- 
pose. With a continuous floor it is necessary that the 
plating should be really continuous, so as to be able 
to transmit the stresses due to the wind, and that 
it should be well attached to the flanges of the 
main girders. As before stated, the pressure due 
to wind in small spans is very little, although a 
most important element in bridges of large spans. 



D 
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CHAPTER V. 

WORKING STRESSES IN STEEL AND IRON. 

We have now to consider the safe working stresses 
in steel and iron. This is one of the most im- 
portant things to be considered in bridges of this 
class, as on the stress which is allowed depends the 
strength of the bridge altogether, and the fact that 
the great majority of railway bridges are small-span 
plate girders makes it all the more important. The 
Board of Trade requirements are that the maximum 
stress per square inch caused by the combined rolling 
and dead load shall not exceed 6i tons in steel and 
5 tons in iron. This rule pays no attention to the 
ratio of the dead load to the live load, which is 
most * important in bridges of the class we are 
considering. 

If the Board of Trade rule for steel bridges was 
uniformly adopted for all spans, we might have in 
the case of the flanges of the main girders of a bridge 
of 20 feet span, the stress due to the dead load one 
ton per square inch, and that due to the live load 
5^ tons per square inch. The ran^e of stress would, 
therefore, be 5^ tons, assuming that the stress due 
live load was exactly that due to the weights 
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shown to be on the axles of the locomotive when on 
the weighbridge. In the case of the flanges of the 
main girders of a bridge of 200 feet span, we might 
have the stress due to the dead load 3^ tons per 

f square inch, and that due to the live load a similar 
amount. The range of stress in this case would, 
therefore, be 3i tons per square inch. Now from 
experiments made by many engineers, it has been 
found out that the range of stress is one of the 
principal points which determine the life of steel 
and iron structures, so that if the range of stress is 
small a large unit strain may be adopted. From 

I this reason alone, therefore, if 6^ tons per square 
inch on steel would be a proper stress to adopt for 
the flanges of the main girders for a 200-foot span, 
it would evidently be an excessive stress for those 
of a girder of 20 feet span. In addition to this, in 
small-span bridges, the lurching and jumping of a 
locomotive due to the permanent way not being in 
good condition, or from other causes, may seriously 
increase the stresses in the main girders, while in 
large spans the increase in stresses in main girders 
due to this cause may be almost neglected, although 
of course, provision must be made for it in whatever 
type of floor may be adopted for the bridge. 

For steel structures we may, therefore, take as the 
allowable tensile stress per square inch on net section 
for main girders, ^\ tons for 20-foot spans and under, 
5 tons for 30-foot spans, and 5J tons for 80-foot 
spans, the stresses for intermediate spans being 
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proportional, and no tensile stress on cross-girders 
or rail-bearers exceeding 4^ tons per square inch. 
The corresponding compressive strains may be 
3I tons, 4J tons and 4f tons per square inch on 
gross section, provided that in the case of com- 
pression flanges there is either ample width of flange 
or that they are braced to resist buckling, and that in 
thin wide flanges they are properly stiffened at the 
edges by angle bars or in other ways. 

The shearing stresses on rivets should be about 
two-thirds, and the bearing stresses about one and a 
half times the corresponding tensile stresses. 

For iron structures we may take the working 
stresses at 20 per cent, below those given for steel. 



CHAPTER VI. 

MATERIALS. 

Though a few bridges are still made of wrought 
iron, the majority of those now erected are made of 
steel. We shall therefore make a few remarks on 
this metal first. 

The following are the conditions which good 
bridge material ought to satisfy. 

Steel. 

The steel must be made by the open-hearth pro- 
cess. Strips cut lengthwise or crosswise shall have 
an ultimate tensile strength of not less than 28 tons, 
and not more than 32 tons per square inch of sec- 
tion, with an elongation of 20 per cent, in 8 inches ; 
and when heated uniformly to a low cherry-red and 
cooled in water of 82° F., strips \\ inches wide 
must stand bending double to a curve, of which the 
inner radius is one and a half times the thickness of 
the plate. No work ought to be done on any of 
the material after it has cooled down to the condition 
known as "blue heat," which is about from 400° F. 
to 600° F., and any steel which has been smithed or 
bent should be subsequently annealed. Rivet steel 
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is a softer steel, and ought to stand a tensile stress 
of not less than 26 tons and not more than 28 tons, 
with an elongation of 25 per cent, in 8 inches. 

Wrought Iron. 

Wrought iron must have a minimum ultimate 
strength of 2 1 tons per square inch of section, and an 
elongation of 8 per cent, in 8 inches with the grain, 
and a minimum ultimate strength of 18 tons and 
3 per cent, elongation across the grain. Rivet iron 
ought to stand a tensile stress of 23 tons per square 
inch, with an elongation of 20 per cent in 8 inches. 

All ironwork to be rolled perfectly smooth with- 
out blisters or other imperfections. ■ 

General Conditions of Steel and Iron. 

The ends and edges of all plates (except where 

rolled edge plates are used) shall be planed, and 
must butt perfectly true, and angles and tees must 
be either sawn at the ends, or be neatly finished off 
after being smithed. All rivet-holes must be drilled, 
and the rivet-holes in adjacent plates and bars must 
come opposite each other without distressing the 
plates and bars with drifting. The work ought to be 
erected and put together in the manufacturer's yard, 
and all the parts properly fitted together before re- 
moval to site of erection. Each main girder for bridges 
up to 40 feet span, or even more, is often riveted com- 
pletely together in the yard, and then taken in one 
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\ piece to the site ; this saves something on riveting, 

I as of course it can be done cheaper in the yard than 

by sending out men to do it at the site. When the 

girders are erected in the yard they ought to be put 

together with their proper camber. 

In designing small bridges, all smith's work 
should be reduced to a minimum, and no welding 
should be allowed. Small angles and tees with 
joggled ends, such as for stiffness in small girders, 
can generally be avoided by packings. Rivets 
should have large cup heads, and should be concen- 
tric with the holes, and all the work should be well 
I bolted up with long spanners in front of the riveting. 
It will not do to bolt up a certain length, and then 
rivet that length ; the bolts ought always to be 
tightened up just in front of the riveting, as the 
process of riveting in drawing the plates together, 
particularly in hydraulic riveting, loosens the bolts 
in front of it. Bad bolting up is one of the most 
fruitful causes of loose rivets. 

In designing bridges, have as few different sec- 
tions as possible. It may seem unnecessary to say 
that care must be taken in the drawings, not to 
show rivets where there is not sufficient room to put 
them in, as well as to snap them. All iron and 
steel should be tested at the works where rolled. 

After the work is erected in the manufacturer's 
yard all the pieces should be carefully marked so as 
to facilitate erection at the site. 

After temporary erection, the bridge, after being 
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well scraped to get rid of all rust, should receive 
two coats of best lead or oxide paint, and when per- 
manently erected two more coats. Some parts of 
the bridge from which water may possibly be some 
time in getting away are often covered with pitch and 
tar instead of paint. 



CHAPTER VII. 

KINDS OF BRIDGES. 

In plate-girder bridges for a double line up to 40 
feet, and sometimes even for larger spans, the 
usual type of bridge now adopted is that of three 
main girders with trough floors. This is more par- 
ticularly the case when the headway is limited, as 
then with three girders a comparatively shallow 
transverse trough resting on the bottom booms of 
the main girders is sufficient to take the traffic of 
each line of rails. When more head-room is avail- 
able, an excellent bridge is formed with three main 
girders and cross girders with light longitudinal 
troughs. It is evident that for spans up to 40 or 50 
feet a saving will always be effected by using three 
main girders in preference to two, as although the 
total weight of the main girders is increased, there 
is more than a corresponding diminution in the 
weight of the floor. Beyond these spans it will 
generally be more advantageous to use only two 
main girders with either transverse trough flooring, 
or with cross girders and longitudinal troughs, or 
with cross girders and rail-bearers and plate floor. 
It must be remembered that in using three main 
girders the width of the bridge will have to be in- 
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creased, if the main girders extend more than 2 feet 
6 inches above rail level. The Board of Trade 
rule is, that *' No standing work (other than a pas- 
senger platform) to be nearer to the side of the 
widest carriage in use on the line than 2 feet 4 
inches, at any point between the level of 2 feet 6 
inches above the rails, and the level of the upper 
parts of the highest carriage doors. This applies to 
all arches, abutments, piers, supports, girders, tun- 
nels, bridges, roofs, walls, posts, tanks, signals, fences 
and other works, and to all projections at the side of 
a railway constructed to any gauge." 

This rule also fixes the distance apart of parapets 
on each side of bridge. If we take the width of 
the widest carriage as 8 feet 9 inches, and 2| inches 
as the width of the head of rail, we get the minimum 
distance between parapets as below : — 

ft. in. 

From parapet to side of carriage 24 

„ side of carriage to centre of track .. 4 4J 

„ centre to centre of tracks 11 2 

„ centre of track to side of carriage .. 4 4i 

„ side of carriage to parapet 24 

Minimum distance apart of parapets .. 24 7 

Very many bridges, however, are made with a 
clear distance of 25 or 26 feet between parapets. 
If the centre girder, however, is higher than 2 feet 
6 inches above rails, these figures are much increased. 
In the country, parapets are generally made 4 feet 
6 inches above rails, and either open or close, but in 
towns they are generally made close, and 6 feet 
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above rails. In long viaducts recesses for plate- 
layers have of course to be provided at intervals. 

In spans of lo to 15 feet, longitudinal troughs 
laid from abutment to abutment are often used with 
a light face girder on each side to finish up the 
troughs, and to carry a light hand-rail. Bridges 
of these spans are also often made with a box trough 
for each rail, and a curved plate floor attached to 
the troughs and face girders. 

Before going further, we should like to make 
some remarks about the trough floors now usually 
adopted, and of which different kinds are shown in 
the plates at end of book. These may be broadly 
divided into transverse troughs and longitudinal 
troughs. We shall first consider the former kind of 
trough. These are either stamped, or built up from 
different sections. Those generally adopted where 
three main girders are used, are stamped by hy- 
draulic power, and those used between two main 
girders are generally built up, as owing to the 
greater depth required, stamping is more difficult. 

With these transverse troughs a great diversity 
of opinion exists as to whether an ordinary ballasted 
road with cross sleepers should be laid, or whether 
the rails should be laid without ballast on longitu- 
dinal timbers resting on the top of the troughs. 

A floor laid without ballast has the following 
advantages : — 

1. There is less dead weight to carry. 

2. The load on the axles of the locomotive is a 
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little better distributed over the troughs than in a 
ballasted road. 

3. Rain-water runs away quicker. 

4. The condition of the floor can be seen easily, 
and it can be painted or tarred as required. 

The principal advantages of a ballasted floor 
are : — ( i ) There is no break in the ordinary per- 
manent way, which is a very great advantage. 
(2) It is not quite so dangerous as a non-ballasted 
floor in the case of a locomotive leaving the track. 

The stresses on these floors ought to be kept 
low, as the range .of stress is considerable. A stress 
of 4 tons per square inch is as much as ought to be 
allowed on these floors when constructed in steel, 
and 3^ tons in iron. 

In transverse troughs, the question of the amount 
of load which each trough has to carry is a very 
important one. For instance, suppose that there is 
17*5 tons on an axle which is over the centre of a 
trough, how much of that load comes on that trough, 
and how much is distributed on to adjacent troughs ? 
It is evident that if the axle load was placed on the 
trough, without the intervention of rail or sleeper, 
that the one trough would have to carry almost all 
the load, as the connection between troughs is not 
stiff enough to allow adjacent troughs to help much. 
When we have a rail between the load and the trough 
the question is, however, quite changed because the 
stiffness of the rail and of longitudinal sleeper (if 
used) comes in. The amount of load which the 



TRANSVERSE TROUGHS. . 45 

trough will then have to carry varies inversely as the 
stiffness of rail and longitudinal sleeper, and directly 
as the stiffness of the trough Itself. The rail and 
sleeper, therefore, distribute the load over adjacent 
troughs. The amount of this distribution will vary 
with each kind of rail and trough, and depends a 
good deal on the state of the permanent way. 

Not very much has been written on the subject 
of this distribution, probably because it is rather 
indefinite, but many engineers assume that with 
cross sleepers the load is distributed over three 
sleepers, and It can be proved, that with a locomo- 
tive on a transverse trough floor with longitudinal 
sleepers and troughs of 2 feet pitch, that not more 
than about three-tenths of the load on one axle can 
come on any trough even in the worse case, and in 
. the case of a transverse ballasted trough floor, with 
troughs of I foot S inches pitch, not more than about 
seven-twentieths of the weight on one axle can come 
on a single trough. We have, therefore, assumed 
for the bridges which are to be afterwards considered 
that half the load on one axle Is the maximum that 
need ever be provided for in one trough, when the 
pitch of the trough is not less than 2 feet or more 
than 2 feet 4 inches, and this assumption will pro- 
bably in most cases be above what actually takes 
place. 

We ought, however, though making the assump- 
tion, not to lose sight of the fact, as stated already, 
that the distribution varies with each kind of rail and 
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trough used, and isevldently better with longitudinal 
than with cross sleepers. 

It might be well to draw attention here to the 
necessity of keeping the permanent way in the best 
possible condition over bridges, and particularly to the 
necessity of the rail joints being well looked after. 

When a ballasted floor with transverse troughs 
is adopted, the ballast is usually spread so that there 
shall be a minimum of 3 inches of ballast between 
the top of the trough and the bottom of the sleeper. 
Some bridges, when the headroom is extremely 
limited, have the sleepers laid in the troughs with 
about 5 inches of ballast between the bottom of the 
trough and the bottom of the sleeper. By this means 
about 8 or 9 inches can be saved in headway, but 
unless absolutely necessary this method ought not 
to be adopted, as if there is any defect in the 
drainage of the troughs the sleepers rot quickly, and 
they are also more difficult to renew, as they cannot 
be drawn out sideways, so that a rail has to be lifted 
to get the sleeper in or out. 

One of the greatest difficulties with transverse 
trough floors is to make them watertight at their 
junction with the main girders. Their drainage is 
generally provided for by a hole through the bottom 
of the trough near the central girder, from which the 
water is taken in a small water channel fixed under- 
neath the troughs for the whole length of the bridge 
to a down-pipe at the abutment. The central 
girder is generally bedded an inch lower than the 
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side ones to allow the water to drain to the holes in 
the troughs. Some transverse floors, particularly 
Hobson's flooring (Plate III, Fig. ia), are some- 
times levelled up with concrete on which is laid an 
inch or an inch and a half of asphalt over the whole 
floor with a slope toward each abutment where the 
water is collected. If the bridge is on a gradient, 
the slope due to that gradient is generally sufficient 
for the purpose, and the water is then collected at 
one abutment. 

Longitudinal troughs with cross girders are 
possible when headroom is not very limited. As 
the troughs are generally much shallower than 
transverse troughs, the weight of ballast on the 
troughs is not very great. This makes a verj' good 
type of floor, and the drainage from the troughs can 
easily be run to each abutment by keeping the 
troughs a little high in centre of bridge. A good 
floor and one which until the introduction of trough 
floors was almost universally used, is formed by 
cross girders, rail-bearers and a plate deck with 
sufficient ballast to take the ordinary permanent 
way, but the drainage sometimes presents a little 
difficulty. This kind of floor can also be used with- 
out ballast by laying the rails on longitudinal sleepers 
on top of the rail-bearers. 

We have already referred to four main girders 
in the shape of built-up troughs, one under each 
rail, being used for very small spans ; for larger 
spans, when there is sufficient headroom it will often 
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be found to be economical and convenient to use four 
girders, one under each rail, of ordinary I section, 
with a plate floor attached to the top flanges and to 
a light face girder. 

Two main girders, one under the outside rail 
of each track, with cross girders and rail-bearers to 
carry inner rails, is also an economical bridge when 
there is sufficient headroom. 

The drainage of all these different types of bridges 
is very important. 

In towns, a light sheet-iron floor is often hung 
under the bridge, as an additional precaution, to take 
away drippings from the bridge floor to the sides. 

As a summary of the few preceding pages : — 
When headroom is very limited three main girders, 
with transverse troughs, or four main box troughs 
must be used ; in the majority of cases the former 
class of bridge is preferable. When a little more 
headroom is obtainable, three main girders with cross 
girders, and a floor consisting of either rail-bearers 
and curved plates, or longitudinal troughs, or two 
main girders with transverse troughs, can be used ; in 
this case the three main girders seem preferable 
certainly for spans up to 40 feet. When there is no 
restriction as to headroom a variety of bridges can 
be obtained, and the most economical up to spans of 
30 or 40 feet will probably be that with one main 
girder under each rail. It will be found in many 
cases that local conditions are the principal reasons 
for fixing the type of bridge to adopt. 



CHAPTER VIII. 

DEPTH OF GIRDERS. 



One of the most important and one of the first points 
in designing a girder is to settle what its depth is to 
be. We know that by increasing the depth of a 
girder we diminish the stress on the flanges, and 
consequently their section may be reduced ; but at 
the same time, we shall probably increase the quantity 
of material in the web, and the weight of stiffeners 
will also be increased. If the cross section of a 
girder at all points could be made exactly pro- 
portional to the stress which it has to stand, it would 
be an easy matter to find out the economical depth. 
This, of course, is impossible in the flanges, as we 
have to deal with plates of uniform rectangular 
section and of certain maximum lengths, and we 
cannot diminish their section to zero at the abut- 
ments. As regards the webs ; in these, plates less 
than |-inch in thickness are seldom used, so that 
we have here a minimum thickness, and we have 
also the extra weight due to the stiffeners. It will, 
therefore, be easily seen that the determination for 
the girders of any bridge of the ratio of depth to 
span so as to have the minimum amount of material 
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in the girder to carry a given load per foot run is 
not a problem of which a theoretical solution can be 
obtained. With heavy loads per foot run it is more 
economical to make girders deeper than would be 
made with light loads per foot run. Local condi- 
tions often fix the depth of girders. Consider the 
case of a bridge of three main girders with a trough 
floor ; if the flanges project more than 2 feet 6 inches 
above rail level, the width of the bridge must be 
materially increased beyond what is necessary when 
they are kept below this level. It will sometimes 
be found, therefore, that it is more economical to 
make the girders shallow rather than increase their 
distance apart. Again, as with three main girders, 
the weight on the centre girder is almost double 
that on each of the side girders ; the economic 
depths ought to be different, but for reasons of con- 
struction they are generally kept the same. In the 
case of three main girders, up to 40 feet span, we 
find that a depth of one-tenth to one-eleventh of the 
span, and with two main girders up to 80 feet span, 
a depth of about one-eighth to one-tenth of the span 
will be the most economical depths, and in the case 
of the former, even with these comparatively shallow 
depths, it will often be found difficult to reduce the 
section of the side girders as low as required. 

The breadth of the flanges is generally governed 
by the width which is considered necessary to pre- 
vent the compression flanges from buckling laterally, 
both flanges being generally made the same width. 
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In Spans from 20 feet to 60 feet, the widths may 
vary from 1 2 inches to 2 1 inches, and for spans over 
30 feet angle bars along the outside of the compres 
sion flanges, in addition to those connecting the web 
to the flange, will add to the stiffness. If the com- 
pression flanges are stiffened in other ways, such as 
by a stiff" plate floor on the top flanges, the widths of 
flanges can be made much smaller if necessary. 

Girders are nearly always erected with a camber. 
This is done more for appearance sake than any 
other reason. The amount of camber is generally 
made sufficient to balance any deflection caused by 
the heaviest loads which may come on the girder, 
and any sagging caused by imperfections in work- 
manship. The camber generally given to railway 
plate girders varies from ^ inch for 20-foot spans, 
to about 2 inches for So-foot spans. 
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CHAPTER IX. 

ORDINARY SIZES OF PLATES AND ANGLE BARS 

IN STEEL AND IRON 

Plates and bars of ordinary market sections and 
lengths should be used as far as possible, though of 
course sometimes a saving may be obtained by pay- 
ing extra for special sizes to do away with covers, 
or for other reasons. 

It is well to remember that the difficulty of 
handling very thin plates of large area is often a 
reason for using such plates in smaller sizes than 
would be used with thicker plates. 

Steel. 

The following table gives the maximum dimen- 
sions up to which steel plates can be obtained from 
one of the best Scotch makers without extras. 





i in. and 
under ^ in. 


iV in. and 
under f in. 


t in. and 

under ^ in. 


^ in. and 
under \ in. 


i in. and 
under ^ in. 




ft. in. 


ft. in. 


ft. in. 


ft. in. 


ft. in. 


Length 


20 


23 


26 


29 


32 


Width 


4 6 


5 


5 6 


5 10 


6 2 


Weight .. 


7 cwt. 


10 cwt. 


13 cwt. 


17 cwt. 


21 cwt. 



STEEL PLATES AND BARS. 





A in, and 
undet t id. 


.'xn. 


1-.;K. 


lin.uid 


1 in. and 
under il Id. 




n. in. 


ft. in. 


ft. in. 


ft. in. 




LeDgth „ 


33 o 


3S o 


35 o 


35 o 


35 o 


Width 


6 6 


7 o 


7 


7 ° 


7 o 


Weight .. 


26cwt. 


32cwt. 


40cvrt. 


4Scwt. 


gocwt. 



From this table, for plates of a certain thickness, if 
the width of a plate is fixed we can immediately find 
out from the maximum weight what the maximum 
length of plate, and if the length is fixed we can find 
the maximum width, which can be obtained without 
extras. By payment of extra charges these lengths 
and widths can be increased, the extra for length 
being 5.^. per ton for every 5 feet, or part of 5 feet, 
over lengths given in table, and for width 55. per 
ton for every 3 inches or part over widths given in 
table. There is generally an extra charge for plates 
under 12 inches wide, and some makers make an 
extra charge for plates under f inch thick. By 
special arrangements plates of almost any required 
size can be obtained. 

Plates with rolled edges, which obviate the 
necessity of planing the edges, are rolled by one or 
two makers up to about 30 inches wide. The extra 
charged for these plates is about 5^. a ton, when the 
plates are not below -j inch, or above I inch in 
thickness. 

Angle bars under 1 1 united inches, and over 6 
united inches, and in lengths up to about 50 or 60 
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feet, can be obtained, without extra, of all ordinary 
thicknesses ; above 1 1 united inches, the extra is 5^. 
per ton per inch, and below 6 united inches, 10s, per 
ton per half inch. T bars can be obtained without 
extras between 6 and 10 united inches, and for 
about the same lengths as angle bars. 

It will be well to remember that these extras are 
liable to slight alterations from time to time, and in 
different districts ; and there are also some slight 
differences in the extras charged by different makers. 
For very large orders a certain quantity of plates 
and bars of extra dimensions can generally be 
obtained at ordinary rates. The figures above given 
all refer to the Scotch steel-makers, and the sizes 
and weights of plates and angles rolled free of extras 
by the North of England makers are often not so 
great. 

Iron. 

No plate should exceed 10 cwt. in weight, or 
20 feet in length, and the width should not exceed 
4 feet 6 inches. This applies to all plates from 
i inch up to i inch in thickness. Extras are charged 
of about 10^. per ton for every cwt. over 10 cwt. ; 
2s. 6d. per ton for every foot over 20 feet long, 
and 55-. per ton for every inch over 4 feet 6 inches 
wide. 

Angle and T bars can be obtained from 4 united 
inches to 9 united inches without extra, and from 30 
to 40 feet long. 
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The same remarks as to alterations in extras and 
dimensions will apply to iron as well as to steel, but 
the differences in iron are more marked among dif- 
ferent makers. Some North of England firms roll 
without extras a good deal more liberally than the 
above figures. 
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CHAPTER X. 

JOINTS IN PLATES, ANGLES, ETC. 

Butt joints are almost the only joints which have 
to be dealt with in girder work, and these are made 
either with a single cover, as in Fig. i8, or with 
double covers as in Fig. 19. In the former case the 
rivets are said to be in single shear, as only one sec- 
tion of each rivet would have to shear to cause the 
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joint to fail by shearing of rivets, while in the second 
case each rivet would have to shear at two sections 
to cause failure, and the rivets in this latter case are 
said to be in double shear. For single covers the 
cover is generally the thickness of the plates to be 
united, and for double covers each cover is half the 
thickness of the plates, but both covers are often 
made thicker than this, especially with thin plates. 

As the allowable shearing stress on rivets is only 
two-thirds of the allowable tensile stress on plates, 
angles, &c., the total shearing section of rivets in a 
tension joint ought to be one and a half times the 



RIVETED JOINTS. 

net section of one of the plates to be united. The 
allowable shearing stress on rivets is rather less than 
the allowable compressive stress on plates, angles, 
&c. ; but in work where the ends of the plates are 
planed and butt, which ought to be the case in all 
good girder work, the total shearing area of rivets 
in a compression joint is generally made equal to 
the gross section of one of the plates to be united. 

The bearing area of a rivet, which is the diameter 
of the rivet multiplied by the thickness of one of the 
plates to be united, must also be considered, and the 
stress must not exceed the working stress given pre- 
viously. 

For connecting plates less than half an inch thick, 
rivets of three-quarters of an inch in diameter, and for 
half-inch plates, and those under three-quarters of an 
inch, rivets of seven-eighths of an inch in diameter 
are generally used. 

When rivets of large diameter are used for con- 
necting thin plates, it is difficult to get sufficient 
bearing area without putting in so many rivets that 
shearing stress per square inch is very small. 

The distance between the edges of adjacent rivet- 
holes, or between the edge of a rivet-hole and the 
edge of a plate, should not be less than the diameter 
of the rivet for drilled work, and if the work is 
punched these distances ought to be increased. As 
a general rule in girder work, except with very small 
rivets, it will not be found necessary to pitch rivets 
closer to each other than two and a half inches, 
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centre to centre, and that only in exceptional cases. 
Four-inch centres is the usual pitch for all the 
straight work in girders, and this will generally be 
found sufficient, but of course the correct pitch ought 
always to be worked out, to be sure that it is not 
less than this amount. 



CHAPTER XI. 

THREE MAIN GIRDER BRIDGE. 

■We shall now proceed to work out a few examples 
of bridges, such as will be met with in everyday- 
work. They shall all be considered as made of 
steel. 

The first we shall take will be a three-girder 
bridge, for a double line of rails of clear span of 30 
feet, the details of which are shown in Plate II., and 
a small general plan of which is shown in Fig. 5 of 
the same Plate. 

This bridge is on a slight skew, and we shall 
give the girders a bearing of 2 feet 6i inches along 
the centre line of the girder. The distance from 
centre to centre of bearings, which will be the effec- 
tive length of the girder for purposes of calculation, 
may be taken as 32 feet 6 inches. 

Both outside girders are of course comparatively 
lightly loaded, so that it will be economical to make 
the girders rather shallow, and we have therefore 
made the effective depth of all the girders three 
feet. 

The floor will be as shown in Plate II., viz. : — 
transverse troughs with pitch 2 feet 4 inches, total 
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depth 8 inches, and thickness of metal i inch. The 
floor is unballasted, and longitudinal sleepers are 
used. The parapets will be as shown in Fig. 6 of 
Plate, the distance from outside to outside of side 
girders being 25 feet. The distance of side girders 
from centre girder, centre to centre, will therefore 
be II feet loi inches. 

We shall first consider the strength of the floor, 
and for purposes of calculation will consider the 
troughs as free at the ends. It will be noticed that 
as there is the ordinary six-foot way between the two 
tracks, the lines of rails do not come centrally between 
the outside and inside girders. Taking the weight 
on an axle as 17*5 tons, and assuming as before ex- 
plained that one trough takes half the weight on an 
axle, we have 4*375 tons on each trough under 
each rail as rolling load ; if to this we add 0*125 
tons, though rather too much, as the additional 
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weight at each point due to rails, chairs, sleepers 
and fastenings, we have the weights and their posi- 
tions on a trough as given in diagram above. The 
effective span of trough from centre to centre of 
bearings may be taken as 1 1 feet 6 inches. 
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The reaction at left bearing 

— -^—i (7' '85 + a'- 91) — 4*2 1 tons. 
The reaction at right bearing 

= j^ (8-59 + 3"65) =4'79tons. 

The bending moment at A is therefore 

4-21 X 3-65 = 15-37 foot-tons. 
The bending moment at B is therefore 



4-79 X 2-91 



1 3 • 94 foot-tons. 



The bending moment at A, at which point the 
maximum bending moment occurs, is therefore the 
only one which need be considered. In addition to 
the bending moment which we have found as above 
we have to add the bending moment at that point 
due to the weight of the trough itself, which we may 
take as o* 75 cwt. per foot run. 

The bending moment at A due to the weight of 
the trough will therefore be o'zi x 3*65 — 0'i3 
X 1*82 tons =0-53 foot-tons. 

The total bending moment at A is therefore : 
i5'37 + o'53 = 1^5" 90 foot-tons = 190 "So inch- 
tons. 

The moment of resistance of this section of 
trough has been worked out in the manner previ- 
ously explained, and found to be 52 "o, taking the 
inch as unit. 



62 PLATE-GIRDER RAILWAY BRIDGES 

The maximum stress in floor will therefore be 

_z = 2*67 tons. 

52-00 ^ ' 

On looking at the way in which the trough is 

placed, it will be seen that this maximum stress is a 

tensile stress, and on looking at the diagram of 

** equivalent area," Plate II. Fig. 9, it will be seen 

that the maximum compressive stress is less than 

this, and is equal to 3*67 x ^— Z^ =2*9 tons. 

We see therefore that the stresses are within the 
limits which we have adopted. 

It may be instructive here to consider the effect 
of placing this trough the other way up, viz. 
making the joint and cover in the bottom instead of 
the top of the trough, as is sometimes done. When 
the joint and cover are at top, we have the whole 
section of the trough and cover available ; as, the 
rivets being in the compression portion, nothing 
need be deducted for rivet-holes. On the other 
hand, when the joint is at the bottom, two rivet- 
holes each have to be deducted from area of trough 
and cover. This deduction of course lessens the 
equivalent area section, so that the maximum stress 
is greater, and in this case the maximum stress is a 
compressive one, and furthermore, takes place on a 
portion of trough more liable to deformation than 
when the trough is placed as we have done. 

We shall now return to the main girders. 

The dead weight consists of the main girders 
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themselves, the permanent way and the weight of 
the troughs. 

The permanent way, including rails, fastenings, 
chairs and sleepers, works out at about i^ cwt. per 
foot run for each track, and the troughing is about 
7 cwt. per foot run for the total width of bridge. It 
will be noticed that owing to the rails not being 
central between the side and centre girders, the load 
on the central girder (Plate II. Fig. 2), from per- 
manent way and rolling load is more than double 
that on each of the side girders. The total distri- 
buted load on central girder will be made up as 
follows : — 

Tons 

Main girder = 4*5 

cwts. 6*12 

Permanent way, 2 x 1*5 x 32' 6" x ft. .. = 2*6 

' "^ ii'5 

7 
Troughs, 32' 6" X - cwt = 5-7 

6*12 

; Rolling load, 2 x 40 cwt. x 32' 6" x — — ft. .. =69*2 



Total .. .. =82*0 

The bending moment at centre will be ^ ^ ^^ ^ 

= 333 foot-tons. 

The total stress in either flange at centre will be 

^^ =111 tons. 
3 

The net area of bottom or tension flange at 

centre must therefore not be less than i^ =22*2 

5 
square inches. 
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We shall therefore make the flange up as below 



at centre. 



2 angles, 4^" x A\" x f" 
I plate, 16" X J" .. . 
I plate, 16" X i" .. . 



Net Area. 
Square inches. 

= 9*2 

= 7*o 

= 7'0 



23*2 



In each angle one rivet-hole, and in each plate 
two rivet-holes are subtracted. Each rivet-hole for 
a l^-inch rivet is taken as one inch diameter. The 
angles are made large, so as to give a good bearing 
for troughs, and to diminish any racking action in 
bottom boom owing to connection with troughs. 



FIG. 21. 
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The gross area of the top or compression flange 
at centre must not be less than — — = 26-1 square 

inches. 

We shall make this flange up as below : — 

Gross Area. 

Square inches. 

2 angles, 3r X 3^ X r =6-5 

=6-5 

I plate, 16" xr =8-o 

=8-a 



« 



» 
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In both flanges we have a little more section 
than is absolutely necessary. 

In the bottom flange the two angles and one 
plate must of course extend for the whole length of 
the girder, but the second plate can be cut short. 
The simplest way of finding out the point at which 
the plate can be cut off is shown in Fig. 7, Plate II. 

Let a, b, be the effective span, viz. 32 feet 
6 inches to a scale of two feet to the inch, and c, d, be 
the total span. Erect a perpendicular at the centre, 
and lay off on it lengths on some scale equal to the 
areas of the different angles and plates of which 
the flange is made up. The scale we have taken is 
40 square inches, equal to one inch. The different 
steps are clearly shown in the figure. Then lay off 
on the same perpendicular, and to the same scale, 
the total area required at the centre, viz. 26 " i square 
inches, which is represented by the length 0, e. 
Through the points a, e, b, describe a parabola, and 
the curve will give the area required at each point 
of the flange, and therefore gives us the point at 
which we can cut off the outside plate. As the 
scales have been taken so that 0, e, is less than one- 
tenth of a, b, we have described a circle instead 
of a parabola. In the figure it will be seen that 
the length of outside plate necessary scales i 7 feet 
2 inches, but it will be noticed that it is actually made 
longer. The reason of this is that the ends of the 
plate are prolonged to form a cover for the joints in 
the plate next the angles. This will be referred to 
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later on. A similar construction is shown for the 

top flange. 

The maximum shear on the web will be at the 

abutment, and will therefore be half the total 

82 
weight on the girder, viz. — =41 tons. 

The depth of web is 36 inches, from which we 
must subtract 6 inches for rivet-holes, leaving a net 
depth of 30 inches. 

The allowable shearing stress per square inch is 
3^ tons, "we therefore require 12*3 square inches of 
net area. We shall therefore make the web \ inch 
thick throughout, which gives a net shearing area of 
15 square inches. 

We have now settled the sections of flange 
plates and web plates. The usual pitch of rivets 
connecting the web to the flange is 4 inches, and 
we shall try if that is sufficient in the present case. 

If we take the total stress in the flange at any 
two points, any distance apart, the amount of the 
increase of stress in the flange between the two 
points must be transmitted through the rivets con- 
necting the angle bars of the flange to the web 
between these points. We can thus find out the 
shear on the rivets connecting the flange to the web. 
In the case of plate girders with horizontal flanges 
the shear is easily obtained from the fact that the 
horizontal shear per foot run at any point between 
the web and the flange is equal to the vertical shear 
per foot run in the web at the same point. This 
may be proved as follows : — 
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In Fig. 23 we have a girder supported at both 
ends. Take a section distant x from the left abut- 
ment, and let the reaction at the left abutment be 
Ri and let the weights between the left abutment 



FIG. 23. 
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and the section distant x from the abutment be Wi, 
W2, W3, &c., at the distances shown. 

The bending moment at :tr = Ri^t: — Wi {x ^ a^ 

- Wa (;tr — ^2) -- &c. = Ml. 

Take another section distant x^ from the left 
abutment beyond x^ and infinitely close to x^ then, 
The bending moment at x^^^^ ^1— Wi {x^ — a^ 

- W2 {x^ - ^2) — &c. = M2. 

Now if ^ be the depth of the girder, and if the 
direct flange strains due to Mi and Mg be denoted 
by Ti and Tg, then, 

ry _ Ri jr - Wi {x — a^ — W2 {x — ^2) — &c. 
li -^ , 



and 

T — 
1 2 — 



Ri ^1 — W^ {x^ — a^ — W2 {x^ — ^2) — &c. 

d 



The horizontal shear between x and x^ 
— Ti, and 

ry rp _ Ri (jti— ji:) — Wi(;iri— ;*;)— W2(^i— ;*;) 

1 2 A 1 -J 

a 

_ (;ri - x) (Ri - Wi - W2 - &c.) 



= T. 



-&c. 
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If we divide this by ^i — ^ we get the horizontal 

shear per foot run between Xi and x, which is 

therefore, 

R^ - Wi - W, - &c. 

d 

But when the points x and x^ are infinitely close 
to each other this expression is also the vertical 
shear per foot run in the web at this point. 

It is evident from looking at the curve of bend- 
ing moments, that since the shear on the rivets con- 
necting the flange to the web between any two 
points is equal to the difference of the stress in the 
flange between these points, that the maximum shear 
on these rivets occurs near the abutment, as the 
difference of stress at the extremities of a unit length 
of the flange is gradually increasing as we go from 
the centre to the abutment, and is a maximum at 
the abutment. 

It will therefore be sufficient to try if we have 
enough shearing and bearing area of rivets con- 
necting the web to the flange near the abutment. 

In the 3 feet of the girder next to the abutment 
we have the average vertical shear = 37 tons. As 
the girder is 3 feet deep this is 12*3 tons per foot 
run, and this is also the shear per foot run between 
the flange and web. 

With rivets of 4-inch pitch, we have three rivets 
in one foot, and have therefore 3 x o'6 square 
inches = i • 8 square inches of area. All these rivets 
are in double shear ; we have therefore 3 • 6 inches of 
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effective shearing area. The shearing stress per 

square inch is therefore — } = 3 ' 4 tons, which is an 

allowable stress to adopt. 

The bearing area of the rivets for a. length of 
one foot is 3 X ^ in. x 2 in. = i '32 square inches ; 

the bearing stress per square inch is therefore "* 

= 9*3 tons per square inch. 

This stress is rather excessive, and it will there- 
fore be better to increase the diameter of the rivets 
for 6 feet at each end of the girder to i inch, 
which reduces the bearing stress to 8 tons per square 
inch. 

In the case of a comparatively shallow girder, 
heavily loaded, of which the girder we are con- 
sidering is a good example, there is nearly always 
a difficulty about the rivets connecting the web to 
the flange near the abutments. With the ordinary 
■|-inch diameter rivets and 4-inch pitch, the bearing 
area is nearly always deficient, and the shearing area 
very often is so. To overcome this, the pitch of the 
riveting can be diminished, or the size of the rivets 
increased for a short distance near the abutment. 
The former is the better method, but with a trough 
floor it is difficult to alter the pitch in the bottom 
' fiange, and in this case we have, therefore, increased 
the diameter of the rivets. Of course, other ways 
in which the bearing area can be increased are to 
increase the thickness of the web to f inch near 
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the abutment, or to increase the depth of the girder 
itself. 

We shall now go back to the outside girders, and 
the covers and details of these and the centre girder 
can be considered together afterwards. 

The total distributed load on an outside girder 
(Plate II. Fig. i) will be made up as follows : — 

Tons. 

Main girder .. 3*5 

Permanent way, i' 5" x 32' 6" x ^-^ .. 1*2 

7 

Troughs, 32' 6" X - cwt 2*9 

4 

Rolling load, 40 cwt. X ^-^ 30*4 

38-0 

The bending moment at centre will be 

tons 

38'°;3^'5 = ,54 foot-tons. 

O 

The total stress in either flange at centre will 

be — ^ = 5 1 • 4 tons. 
3 ^ 

The net area of the bottom or tension flange at 
centre must not be less than -§ — - = 10*3 square 

inches. 

We shall therefore make this flange up at centre, 
as shown in Fig. 24, viz. : 

Square Inches. 

2 angles, 41" x 4i" x J" =7*5 

I plate, 15" X r =6-5 

Total .. .. i4"o 



r- 
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The gross area of the top or compression flange 

at centre must therefore not be less than "^ — r = i 2 ■ i 

4*25 
square inches. 





We shall therefore make this flange up at centre 
as shown in Fig. 25, viz. : 



2 angles, 3i" X 3i" : 
1 plate, li" X 4" . 



In the case of the outside girder the section will 
be continuous all through. 

It will be noticed that in this girder the section 
is rather heavier than necessary, particularly in the 
bottom flange. This is due to the heavy angles in 
the bottom flange, and to the desire of not putting 
less than -J-inch thick plates in the flanges, when 
each flange has only one plate. 

The shear at abutment is 1 9 tons, and we shall 

5'7 square inches net see- 



therefore require -? = 
tion of web. With 



|-inch web, our minimum 
thickness of web, we shall have 1 1 square inches, 

The rivets connecting web to flange angles are 
evidently ample. 

We shall now consider what covers are necessary 
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and what lengths of flange plates and web plates we 
shall adopt. 

We shall deal with the central girder first. 

We have already seen that as regards the top 
flange we might cut off the outside plate at 7 feet 
3 inches on each side of the centre ; but we have 
prolonged it on each side beyond this distance so as 
to act as covers for joints in the inner plate. The 
joint in the inner plate must come between two rows 
of rivets, and it will be seen that the riveting is 
arranged so that the rows of riveting are multiples 
of 4 inches from the centres of the stiflfeners, and 
therefore in this particular case from the centre of 
the girder. The joint in the inner plate must there- 
fore be at a distance from the centre which will be 
a multiple of 4 inches plus 2 inches. We shall 
therefore make it at a distance of 7 feet 6 inches on 
each side from the centre. Now we want to find out 
how far the outer plate must extend beyond the 
joint so as to have sufficient rivets to transmit the 
stress across the joint. 

We have already shown (p. 57) that, for a 
compression flange, the total area of the rivets 
necessary to make up the section of the plate must 
be equal to the gross section of the plate. The 
gross section of a 1 6-inch by ^-inch plate is 8 square 
inches, and the area of a l^-inch diameter rivet is 
o*6 square inch; therefore, the number of rivets 
required is 8-^o•6= 14 rivets. The outer plate 
will therefore extend, as shown, i foot 4 inches 
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beyond the joint in the inner plate, and the whole 
length of the outer plate will therefore be 17 feet 
8 inches. 

For the bottom flange the joint is very similar. 
In a tension flange, so as to avoid loss of section 
owing to rivet-holes, four rivets are not put in a row 
as in a compression flange, but are arranged as shown. 
The joint is therefore generally made through the 
row of rivets in the angle bars, and will therefore be 
a multiple of 4 inches from the centre. We shall 
therefore make the joint in the inner plate at a 
distance of 8 feet 8 inches, on each side from the 
centre. 

We have already shown (p. 56) that, for a 
cover for a tension flange, the total area of rivets 
necessary to take up the section of the plate must 
be equal to one and a half times the net area of the 
plate. The net area of the 16-inch by -J-inch plate 
is 7 square inches, therefore the number of rivets 
required is (7 x i^) H- o"6 = 18 rivets. This 
number of rivets will necessitate a lap of i foot 
10 inches of the outer plate, and the total length of 
the outer plate will therefore be 21 feet. 

As regards the web we shall make a joint of 
7 feet on each side of centre at the T stiffeners, and 
we must therefore find out the maximum shear on 
the web at this point. The simplest way to do this 
has already been explained (p. 15), and is now 
shown in Fig, 8, Plate II. A B is the effective span, 
viz. 32 feet 6 inches to a scale of half inch to the 
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foot. A D is the maximum shear at the abutment, 
due to the live load, on a scale of 20 tons to the 
inch, and is of course equal to half the live load, or 
34 • 6 tons. A E is the maximum shear at the abut- 
ment due to the dead load, to the same scale, and 
is equal to 6*4 tons. Join E to the centre C, and 
through D draw a parabola, or in this case a circle, 
touching A B at B. For the half of the girder to 
the left of the centre the ordinates between C E and 
D B give the maximum shears at each point. The 
maximum shear, therefore, at a distance 7 feet from 
the centre, is F H, which scales 20 tons. The joint 
is covered by f -inch covers and T bars on each side, 
the section of which is of course much greater than 
that of the web. The allowable shearing stress on 
rivets is 3^ tons per square inch, and the shearing area 
of rivets required is therefore 20 -r- 3^ = 6 inches. 
With |-inch diameter rivets, this requires 15 rivets. 
The actual number of rivets in the joint as drawn is 1 2 
(not counting the rivets in horizontal angle bars) and 
they are all in double shear, and therefore equivalent 
to 24 rivets in single shear, and the number of rivets 
in the joint is therefore sufficient as regards shearing 
area. 

As regards bearing area, the bearing area of the 
1 2 rivets is i2X|x^ = 4*5 square inches, and 

the bearing stress per square inch is = 4 ' 5 tons, 

which is very moderate. The joint is therefore 
amply strong in every particular. 
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For the outside girders it will not be necessary 
to go through the calculations for covers and lengths 
of plates, as the work would be similar to that already 
done for the central girder. It must be remembered 
that the positions of stiffeners and rivets in the outer 
girder really depend on the central girder, as they 
must fit in with positions of troughs which are fixed 
on the central girder. 

On account of the skew of the bridge, the ends 
of an outer girder will not be similar as regards 
stiffeners and riveting. The two outer girders are, 
however, similar to each other, but their corre- 
sponding ends are reversed in position. 

The top flange plate is made in two lengths. 
The lengths are made different so that the cover 
may not come where there is a slight difference in 
the ordinary run of riveting owing to the stiiTeners. 
The bottom flange plate is jointed as in the central 
girder. The joint in the web is rather stronger than 
necessary, but it is more satisfactory to put in plate 
covers in addition to the T bars than to trust to 
the T bars alone. 

It will be noticed that the ends of the central 
girder are rounded off. This is generally done, and 
the ends of the outside girders are sometimes rounded 
too. 

All the lengths of angle bars in the girder can 
easily be obtained in one length, but in the case of 
those rounded off at the ends it will be better to cut 
them near the ends and put on covers, as the bending 
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of a bar of this length at both ends is an awkward 
job. The covers for these angles are not shown in 
the general elevation of the girder, but are shown in 
Fig. lo, Plate II. The angles connecting the web 
to the flange are fully covered by double covers, but 
the outer angles are not fully covered, as we have 
much greater section of flange near the abutment 
than is absolutely necessary. 

Each girder has a |-inch bearing plate at the 
abutments, riveted to the underside of the bottom 
flange with countersunk rivets. The bearing plates 
for the centre and side girders differ slightly so as to 
fit in with the riveting. As a general rule it is not 
necessary to use cast-iron bed plates for spans under 
40 or 50 feet, and in the present case the girder will 
rest directly on a smooth dressed hard stone. The 
maximum pressure on this stone at the ends of the 
central girder will not be more than about 16 tons 
per square foot, which is well within what may be put 
on most stones. If the bridge is on an incline the 
girders ought to be fixed to the masonry of the abut- 
ments at one end by means of holding-down bolts 
7 or 8 feet long, built into the masonry with cast- 
iron anchor plates at their end, and coming up 
through holes in the bed stone. 

As regards the positions and number of stiffeners 
necessary, of which as yet we have said nothing ; a 
very simple plan is given by Rankine for determining 
these, based on the strength of the web to resist 
buckling treated as a column. 
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The author is of opinion, however, that stiffenera 
are generally put in without making any such calcu- 
lations, their positions and number being based on 
previous experience. They are very seldom, except 
in girders of very short span, put more than 6 or 7 feet 
apart, and are of course much closer near the abut- 
ments than the centre. They have often to be fixed 
at certain distances on account of certain disposi- 
tions of troughs or cross girders. The web over the 
bearing at the abutment should be well stiffened 
with plate stiffeners, which also prevent any bending 
of the edge of the bearing plate and flange. Plate 
stiffeners in other parts of the girder, in addition to 
stiffening the web, are also useful as stiffening to a 
small extent the compression flange. 

We have shown the troughs as resting on the 
angles of the bottom booms of the main girders to 
which they are riveted, and they are fixed on top 
by the stiffeners and by the longitudinal angles 
riveted to the web. These latter angles are often 
cut up into short lengths and the end of each trough 
fixed by small separate pieces of angles. This 
method, however, is not as good as using long 
lengths, as these short lengths tend to rack the web 
of the main girders locally. The continuous bars 
have, however, for purposes of erection, often to be 
cut into shorter lengths to facilitate getting the 
troughs into position. Two or three sections of 
troughs are often riveted together before being 
brought to site of erection to save outside riveting. 
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Packings between the trauglis and the top angles 
give a little more room for moving the troughs into 
position, and are shown in the drawings of this 
bridge. The ends of troughs resting on the abut- 
ments can be built up solid under the flute with 
brickwork or concrete. 

In the bridge we are considering the skew is 
slight, and we have therefore considered that there 
is no reduction in the load on the main girders due 
to this cause. With large skews, however, there 
will be a very considerable reduction in this respect, 
as a number of the troughs would be resting on the 
abutment at one of their ends. 

The drainage of the floor is taken by gutters on 
each side of the central girder, which is bedded 
I inch lower than the side girders to give water a 
lead to the gutters. 

Fig. I, Plate III., shows a cross section of a 
similar bridge but with a ballasted floor. There is 
also a slight alteration in the flooring itself which is 
made of a patent cambered trough which has many 
advantages over the ordinary troughs. Owing to 
the increased depth in the centre, the trough is 
stronger just where the extra strength is required, 
and the rain water is all drained to the centre of the 
trough away from the main girders. There is the 
one disadvantage of having a hole in the tension 
flange at its centre, but this is made elongated so as 
to lose as little section as possible, and whatever is 
lost is more than compensated for by other advan- 
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tages. The gutter is fastened to the bottom of the 
trough by twisted hangers coming through the 
elongated hole, thus doing away with riveting it, or 
hangers to the bottom of the troughs. 

This cambered flooring can of course also be 
used with advantage for non-ballasted bridges. 

An open parapet is shown and is made 4 feet 
6 inches above rail-level. This height of parapet is 
not absolutely required by law except in viaducts. 

Fig. 2, Plate III., shows a cross section of a 
bridge with three main girders and a floor consisting 
of cross girders and light longitudinal troughs. The 
permanent way is laid in ballast with a minimum of 
3 inches between the top of the troughs and the 
bottom of the sleepers. 

The troughs are made in sections consisting of 
two flutes, and the sections are connected together 
by l^-inch covers. The troughs are 4J inches deep, 
of f-inch metal, and i foot 4 inches pitch as shown. 
They can be obtained 30 feet long, and if longer 
lengths are required they can be jointed on a cross 
girder, and bent cover plates used. The cross 
girders are spaced 7 feet apart. The moment of 
resistance of one trough without cover plate is about 
II '30 in inch units, and with cover about 12 "go; 
the average of the two will be 1 2 ■ 10. If we assume 
that the load is distributed over seven troughs, the 
moment of resistance of the seven will be about 
84 ' 7, being a little more or less, as there are three 
or four troughs, with or without covers. 



I 



5c FLA TE-^HlDEX KAIL WA Y SXIZ>3ES. 

The maTTmum rolfii^ load benre^en tw^ crctss 
girders will be 17*5 tixxs. and it m? assume thai 
half <^ this is transmitted by one sleeper, and one- 
quarter by eadi adjacent sleeper, the Wndin^ 
moment on the trough at die centre, taking the 
sleepers at 2 feet 6 inches centres, will be. 

i7'% Ir•^ 

2 4 ^ ^ 

The dead load between two cross 
girders is about 2 tons» and the bending 

^ X 6-1 
moment due to this will be — ^ ■ = 16 

S 



Therefore the total bending moment is 



^5- 



Dividing this by the moment of resistance of 



252 



the seven troughs, we get 5-^^ = 3 tons as the 

04^7 

maximum stress per square inch on the troughs. 

This floor, including cross girders, is about the same 

weight as the floors already considered, but of 

course requires a litde more headroom. 

Figs. 3, 4 and 5 in Plate III. are cross sections 
of bridges which it has been found useful to adopt 
in certain cases. 

Fig. 3 shows a cross section and part longi- 
tudinal elevation of a three-girder bridge where the 
headroom has been very limited. The sleepers 
are laid in the troughs and packed with ballast. 
This class of floor would of course only be used 
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under exceptional conditions, and is given more as a 
type to avoid than to adopt. 

Fig. 4 shows a cross section of a bridge for 
spans of between 12 and 20 feet. Each rail is 
carried on a longitudinal sleeper laid In a trough, 
and a plate floor is riveted to the tops of the troughs 
and to a light parapet girder. This type is useful 
when headroom is limited, and this floor of four 
trough and longitudinal sleepers is often used for 
viaducts of a number of spans, the troughs acting as 
rail-bearers. 

Fig. 5 shows a cross section of a bridge with 
two main girders and transverse troughs. A cross 
section of the troughs is also given. The rails are 
laid on longitudinal sleepers fastened by short 
lengths of angle iron to the top of the troughs. 

Fig. 6 is a cross section of a bridge of about 
20 feet span with four main girders and a light 
parapet girder. Cross sleepers laid on a minimum 
of 3 inches of ballast are shown, but without ballast 
longitudinal sleepers fastened to the top of the main 
girders are often adopted. The ends of the main 
girders fit into recesses left in the masonry of the 
abutments. When this type of bridge is adopted 
for larger spans, the main girders are braced 
together by frames of diagonal and horizontal 
bracing at intervals. 

Fig, 7 shows cross sections of various troughs 
which have been adopted and which can be obtained 
in various depths and of different widths of flutes. 
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The great majority of trough sections are the patents 
of different makers. Several other kinds in addition 
to those shown have been brought out, but we have 
shown those in most general use. In transverse 
trough flooring with three main girders that sHown 
in bridge in Plate III. Fig. i, is probably one of the 
cheapest and most efficient floors, and for longitudinal 
trough flooring with cross girders that shown in 
Fig. 2, Plate III. All the troughs shown are used 
extensively for spans under 20 feet without any main 
girders, the troughs being laid longitudinally from 
abutment to abutment and a light parapet girder 
adopted. 

The principal points to keep in view in selecting 
trough flooring are (ist) strength in proportion to 
weight ; (2nd) a minimum of riveting ; (3rd) water- 
tightness ; and (4th) facility in erection. 



CHAPTER XII. 

TWO MAIN GIRDER BRIDGE. 

We shall now consider the bridge shown in Plate IV. 
The clear span Is 60 feet on the skew, and the 
bridge consists of two main girders, cross girders, 
rail-bearers, and ballasted buckle plate floor. The 
bridge is on a considerable skew, one of the main 
girders sitting 23 feet in front of the other. The 
spacing of the cross girders is the first matter for 
consideration. 

In considering the rolling load, which is the 
principal load on the cross girders, the first thing to 
be noticed is, that however close the cross girders 
are spaced, we must at one time or another while a 
train is crossing the bridge, have the weight on the 
heaviest axle borne directly by each cross girder. 
It is evident, therefore, that without increasing the 
stress, which will come on the cross girder, due to 
the rolling load, we can space them so far apart 
that the rolling load brought on to them by the rail- 
bearers shall not exceed the direct load on them 
due to the heaviest axle loads. This will generally 
happen if the cross girders are spaced something 
less than the wheel base of two pairs of coupled 
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driving wheels apart. This distance would there- 
fore be the minimum distance apart which the cross 
girders ought to be spaced in ordinary cases. There 
are, however, other points to be considered which 
make it desirable and economical to space the cross 
girders further apart than this minimum. The 
fewer cross girders we have the more economically 
the weight can be brought to the main girders, but 
again we get a limit to their distance apart owing to 
the increasing span, and consequently increasing 
weight per foot run of the rail-bearers. Another 
point to be considered is how the cross girders will 
come with regard to the centre of the main girders, 
as it is obvious that it will be well not to have a 
cross girder in the centre of a main girder. In 
skew spans the amount of skew is a principal factor 
in the spacing of the cross girders, as it is desirable 
to keep both main girders exactly the same (except 
that of course they are reversed in position) and at 
the same time not put the cross girders in the centre 
of the main girder. 

** In ordinary cases it may be considered as 
generally advantageous to space the cross girders at 
distances equal to about one and one-half times the 
wheel base of two pairs of coupled driving wheels, 
or say from 9 to 1 2 feet, and to place rail-girders 
between the cross girders under each rail." * 

In the present case, 12 feet appears to be an 
economical distance to space the cross girders apart, 

* B. Baker, * Short Span Bridges.' 
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as at this distance our rail-bearers still remain com- 
paratively light, and the centre of each main girder 
is practically central between two cross girders. 

We shall first consider the rail-bearers. We 
shall make these i foot 6 inches deep as shown in 
Plate IV. The position of the rolling load which 
will give the maximum bending moment will be 
when the heaviest loaded axle. is in the centre of 
the rail-bearer as below : — 

FIG. 26. 

k- 6 .l/z —k- r -5 6 ->! 




T '. \ '. T 

J<. 6 O 4 6, O . — -J^ 




CROSS GIRDER L g ' ^' ^ ^- o" -J CROSS GIRDER 

U - 1Z,' o' - - ->; 

The bending moment at the centre 

Foot-tons. 

due to this weight is ^ ^ x 6'o = 26*25 

4 

The dead load on a rail-bearer is as 
below : 

Tons. 

Rail-bearer = 0*4 

Floor = o'5 

Permanent way =0*4 

Ballast = 2'o 

3*3 

The bending moment at the centre 

due to this weight is ^^— ^-^ = 5 ' 00 

8 



Total bending moment at centre = 31 '25 
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For purposes of calculation it will be close 
enough to take the effective depth as i • 2 5 feet. 

Therefore the stress in either flange = ~ — -§ 

1-25 

= 25 tons. 

For the bottom or tension flange we must there- 

fore have a net area of not less than — ^ 

= 5 • 6 square inches. 

We shall make this up as shown in Fig. 27, 
viz. : 

Net Area. 

2 angles, 4" x 3^" x i" = 6'00 square inches. 

For the top or compression flange we must not 

have less gross area than — ^ =6*5 square inches. 

! We shall make this up as shown in Fig. 28, 

i viz. : 

Gross Area. 

2 angles, 4" x 3^" x i" = 6*5 square inches. 

FIG. 27. FIG. 28. 
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The maximum shear on the rail-bearers from 
the rolling load does not occur at the same time as 
we have the maximum bending, but will be when 
the loads are as shown in Fig. 29. 
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The shear at either end due to the 

Tool. 

rolling load will therefore be -J— 2 — 8 ■ 75 

and that due to the dead load will be 5_j — j -gg 

Total shear 10-40 

Therefore the shear per foot run will be ^ 

1-50 
= 7 tons. 

A f-inch web is more than ample for this. 



_^ 



::rE: 



m 



& 



: I ■ 5 tons. 



As regards the rivets connecting the web to the 
flange angles, the shear per foot run is of course the 
same, viz. 7 tons per running foot, and if we use 
^-inch diameter rivets, space 3 inches apart, we 
have as shearing area, the rivets being in double 
shear, 2 X4XO"6=:4*S square inches, and 
therefore the shearing stress per square inch is 

_7 
4-8 ■ 

The bearing area will be 4 x |- X -^ = i ■ 3 square 
inches, and therefore the bearing stress per square 
7_ . 
•3 " 
It is evident the rivets connecting the rail-bearers 



inch : 



: 5 • 4 tons. 
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We now come to the ordinary cross girders 
which we have made 2 feet 6 inches deep. 

The greatest rolling load which can be brought 
on to the cross girder will be when the loads are as 
below : 

FIG. 30. 
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The sum of the direct rolling load and the 
rolling loads brought on the central cross girder in 
Fig. 30 is 1 3 • I tons. 

The dead load on the cross girder at each point 
of attachment of a rail-bearer is, 



Load from cross girder itself 
Load brought on by rail-bearer 



Tons. 

= o'6 
= 3*3 



3'9 



Therefore the total load at each point of attach- 
ment of rail-bearer is 3^9 + I3'i = 17 tons. 

We have assumed in the above, for the sake of 
convenience, that the weight of the cross girder 
itself is concentrated at each of the points of attach- 
ment of the rail-bearers. 

The total weight on each cross girder will there- 
fore be as below : 



FIG. 31. 
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The bending moment at the centre or points 
marked (i) 

= 34 X ID' 14 — 17 X 5'o = 259-75 foot-tons. 

That at points marked (2) is 

34 X 5*14 = 174*75 foot-tons. 

The stress in either flange at centre will be 

259-75 



2-5 



= 104 tons. 



The net area of tension flange at centre must 

therefore not be less than = 2X square inches. 

We shall therefore make this up as shown in 
Fig. 32, viz. : 

Net. 
Square Inches. 

2 plates, 16" X j^" =15-70 

2 bars, 4" X 4" X I" = 8'oo 



2370 



The gross area of the compression flange at 

centre must not be less than — | = 27*4 square 

3*0 

inches. 



FIG. 32. 



i 



FIG. 33. 
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We shall therefore make it up as shown in Fig. 



33, VIZ. : 



6 



Square Inches. 

= i8-o 



2 plates, 16" X -i 

2 bars, 4" X 4" X I" = 9*2 



27*2 
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Fig. I, Plate IV., shows curves of bending 
moments for this cross girder, and shows where the 
flange plates are cut off in a similar way to that 
already described in a previous bridge. 

The maximum shear towards the end of the 
cross girder is 34 tons, and if we use a ^-inch web 
throughout the shear per square inch on the web 

will be — = 2*3 tons per square inch. 

The horizontal shear per foot run between the 
flange and the web will be 1 3 '6, tons. If we use 
l^-inch diameter rivets with 3-inch pitch, the shear- 
ing stress per square inch on the rivets, remem- 
bering that the rivets are in double shear, will be 

^— = 2 • Q tons. 

4 X 0-6 X 2 

The bearing stress per square inch will be 
•^ = 7 • 8 tons per square mch. 



4 X I X i 

This stress is more than allowable, so we shall 
increase the diameter of rivets between the outside 
rail-bearers and the main girders to i inch, and 
the bearing stress per square inch will then be 

^ - = 6*8 tons per square inch. 



4 X I X 

All plates and angles in cross girders or rail- 
bearers can be obtained of the lengths required in 
steel, so that no covers will be necessary. If in iron, 
a joint would be necessary in the centre of web of 
cross girder covered with two ^-inch plates. The 
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attachments of the longitudinals to the cross girders, 
and of the cross girders to the main girders, are 
shown clearly in the plate. 

It will not be necessary to go through the calcu- 
lations for the two short end cross girders, as there 
is no difficulty in finding out the weights on them 
Their construction is shown in the plate. 

We now come to consider the rolling load to 
be adopted for the main girders when the load is 
brought on to them by cross ^ders spaced some 
distance apart, as in the bridge now under con- 
sideration. 

The rolling load per foot run which we have got 
in the table on p. 3 1 for different spans, is obtained 
by reducing loads concentrated at certain points to 
equivalent uniform loads per foot run, and the 
reasons given there will also apply to reducing the 
loads concentrated at the junction of the cross 
g^ders with the main girders to a uniform load per 
foot run. May we therefore use the uniform loads 
per foot run given on p. 31 for the rolling loads 
on main girders of bridges with cross girders ? This 
obviously depends on the spacing and position of 
the cross girders. If the cross girders are spaced a 
very long distance apart and one comes in the centre 
of the main girder, it is evident that the load per 
foot run as given in the table ought to be increased, 
and if the centre of the main girder is between two 
cross girders it ought to be diminished. In bridges 
of such spans as we are considering, and with cross 
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girder brings on to the main girders the weight 
of the cross girder itself, and its proportion of 
the weight of rail-bearers, floor, permanent way 
and ballast. 

For convenience, we shall also assume that the 
weight of the main girder itself is concentrated at 
the points where the cross girders are attached to 
the main girders. 

The weight at each of these points, with the 
exception of the two end cross girders, will be as 
below : 

Tons. 

Rolling load, 30'5 x t2'o =18-3 

Main girder, 2_i5_i^ = 27 

^ ' 2 X 20 

Cross girders, — ? = i'3 

2 

Rail-bearers .. = o'8 

Floor =1*0 

Permanent way = o*8 

Ballast = 4'o 

28*9, say 29 

The weight brought on to each main girder by 
each end short cross girder will be as below : 

Tons. 

Rolling load, ^^'^ ^ ^ = 6-9 

'^ 20 X 2 

Main girder, ? ^ = 2*9 

** 2 X 20 

Cross girder = 0*4 

Rail-bearers .. = 0*5 

Floor = o'6 

Permanent way = 0*3 

Ballast = i'4 

130 
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The gross area of the compression flange must 
not be less than "^ ^ _ j^.qo square inches. 




We shall therefore make this flange up as shown 
in Fig. 36, viz. : 



2 angle bars, 31" X 3i" X J" = 6'S 

2 angle bars, 3^" x 3J" y. \" = 6-5 

2 plates, I "8" X 1" =20-00 




The points where the outside plates can be cut 
off are easily found by plotting the curve of bending 
moments to any scale, and dividing up the maximum 
ordinate proportional to the amounts of areas of 
plates and angles required, as shown in Plate IV,, 
Fig. 2. 

The maximum shear at the abutment to which 
the heavier load is brought, is 8 1 ■ 3 tons ; with a half- 
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inch web, this gives a shearing stress on the web of 

= 2'4 tons per square mch of net section. 

34-0 

The stress per foot run between web and flange is 

8i*3 

= io*8 tons. 

^'^ . . . 

With -|-inch rivets at 4 inch pitch the shear on 

the rivets connecting the flange to the web will 

be, remembering that they are in double shear, 

TO " 8 

— = 3 tons per square inch, and the bearing 

IO-8 
stress on the same rivets will be z — r = 8 * ^ 

tons per square inch, the allowable stress being 
8*25 tons. 

We cannot get plates for the web 7 feet 6 inches 
deep without paying heavy extras, so we shall take 
plates 4 feet wide, and have 3 joints between each 
cross girder. 

We shall require a i-inch web at only one of the 
abutments. In other portions of the girder it can be 
reduced to /^ inch and f inch as shown in Plate ly. 
Near the same abutment it will be necessary to have 
double lines of riveting in the web covers, at other 
places covers with single rows of riveting will be 
sufficient. The covers are heavier than actually 
necessary as they also act as packings in some cases. 
These details can be worked out in the way adopted 
for the central girder in Plate II., except that we 
must remember that in this case the shear is prac- 
tically constant from cross girder to cross girder. 
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The joints in the flange plates are fully shown. 
The net area of the i foot 8 inch by ^ inch flange 
plate in the bottom boom is n ' 25 square inches, the 
number of \ inch diameter rivets required is there- 
fore ii'25x ii-^o'6 = 28 rivets. One joint in the 
inner plate is covered by producing the outer plate 
and making it act as cover and 30 rivets are given. 
The other joint in the inner plate is taken together 
with the joint in the outer plate and both are covered 
by one plate i foot 8 inches wide by J inch thick, 
and two inside strips each 5^ inches wide and \ inch 
thick, their united net area being 13 "50 square 
inches, in comparison with 11 '25 square inches, the 
net area of either 4 inch plate. Some of the rivets 
by this grouping of the two joints are placed in 
double shear and a saving in material thus effected. 
The gross area of the i foot 8 inch by \ inch flange 
plate in top boom is 10 'o square inches. The 
number of ^ inch diameter rivets required will there- 
be iO*o -7- o-6= 17 rivets. 

One of the joints of the inner plate is covered by 
the extension of the outer plate, and the other joint 
in inner plate, together with the joint in outer plate, 
is taken by one cover i foot 8 inches wide by ^ inch 
thick. 

Joints in angle bar can be made where necessary. 

The joints of the floor plates are covered by T 
bars so as to have the plating continuous, and thus 
able to take up wind pressure. 

The total wind pressure on the bridge with a 
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It must be remembered in skew spans that a 
cross girder will not come at points of corresponding 
camber in each main girder. It will, therefore, 
often be better to keep all the cross girders horizontal 
by inserting packings underneath the bearing of the 
cross girders on the main girders ; an allowance will 
also have to be made for this between the top of the 
cross girder and the stiffeners. These packings are 
not shown in the plate. 






loo PLA TE-GIRDER RAIL WA V BRIDGES, 



CHAPTER XIII. 

CONCLUSION, 

In concluding these remarks on Plate-Girder Rail- 
way Bridges, the author would wish to impress 
the necessity of not looking too closely on the 
theoretical side of the subject. The saving which 
may be obtained by trying to exactly proportion 
sections to stresses may often be more than lost 
by defects of a practical nature. The necessity of 
not using a great variety of sections in a bridge has 
been previously referred to, and it can be easily 
understood that a bridge builder has to pay higher 
prices to steel manufacturers for a quantity of 
different sections than when as many sections as 
possible are kept the same. The necessity of only 
using the ordinary market sections of steel and iron 
is a point which cannot be too strongly remembered, 
and this particularly is so in the case of short span 
bridges. In bridges of long span it will of course be 
possible to get material of special section at little 
more than ordinary rates if a large quantity is 
required. Smith's work, such as bending, joggling, 
&c., is very expensive, and should be reduced to a 
minimum. 



For the above reasons it may often be found 
necessary and better to have sections a little heavier 
than what may be required by theory. Attention 
may also be drawn to the necessity of avoiding wide 
unstiffened flanges, particularly compression flanges. 
Local conditions ought always to be considered, 
particularly with regard to the method to be 
employed for erecting a bridge, and if the erection 
is kept in view while designing joints and connec- 
tions a good deal of time and money may be saved 
later on. In connection with local conditions it would 
hardly be fair to consider a bridge close to a large 
town where a two or three minute service of trains 
passes over it as undergoing the same amount of 
wear and tear as a bridge in the country with, say, 
a half-hourly service. In the former case it would 
be well and desirable to have the bridge slightly 
stronger than in the latter, and particular attention 
should be paid to all floor joints and connections, in . 
addition to such matters of detail as bearing stress I 
on rivets, so that all racking action may be reduced J 
to a minimum. 

All parts should be designed as far as possible soJ 
as to be capable of being inspected and painted at J 
intervals, thus helping to prolong indefinitely the life! 
of the structure. 

The Plates which have been given refer of course i 
to railways in Great Britain, and it will be under- I 
stood that in new countries the expense of iron or I 
steel floors is not generally incurred. In the greater J 
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Andr£, F.G.S., Assoc. Inst. C.E. 4to, cloth, y. 

Drawing Instruments. — A Descriptive Treatise 

^Btt Mathtmalical Drawing Inslrummts : their construction, nses, quali- 
ties, selection, preservation, and suggestions for improvements, with bints 
I nppn Drawing and Colouring. By W. F. Stanlkv, M.R.I. Sixth edition, 
with numerous illuslratieru, crown 8vo. cloth, ^t. 

Dynamo. — Dynamo-Tenders' Hand-Book. By 

F. B. Badt. With 70 iUustrations. Third edition, l8mo, clolh, 4J. bd. 

Dynamo. — Theoretical Elements of Electro- 
Dynamic Machitiery. By A. E. KenNELlV. With aiusiratiens, giro, 
clDlh, 4j. td. 

Dynamo-Electric Machinery. — Dynamo -Elec- 

tTic Machinery: a Text-Book for Students of Electro-Technology. By 
SiLVAHUS P. Thompson, B.A., D.Sc Fifth edition, Svo, cloth, a^j. 

Earthwork Slips. — Earthwork Slips and SuSsi- 

^_- deiices upon Puilie Works: Their Causes, Prevention and Reparation. 

^^k Especially written to assist Chose engaged in the Construction or 
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Reclamation Embankments, Drainage Works, &c., &c By JOHN 

NEWMAPt, Assoc- Mem. lust. C.E., Author of 'Notes on Concrete,' &c. 

Crown Svo, clolh, ^s. (tti. 

Electric Bells. — Electric Sell Construction : a 

treatise on the construction of Electric Bells, Indicators, and simQat 

§oppatatiis. By F. C. Allsop, Author of ' Practical Electric Bell Fitting. 
mth 177 illustralians drawn to scale, crown 8vo, clolh, 31. 6rf, 
lectric Bells. — A Practical Treatise on the 
fitting up and maintenance of Electric Bells and all the necessary apparatus. 
ByF. C. AL,LSOP,ABlhor of 'Telephones, their Construction and Filling.' 
Second edition, revised, nearly 150 illustrations, crown Svo, cloth, y. 6d, 

Electric Currents. — Polyphase Electric Currents 

and Alternate Current Motors. By SilVaMUS P. ThomfsoS, B.A., 
D.Sc, M.InstE,E., F.K.S. Numerous cuts and plates, demy Svo, 
cloth, 12S.U. 
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By Vincent Stephen, H^k illustrations, i8mo, cloth, 2j, 6d. 
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Electric Telegraph. — Telegraphic Connections, 

embracEng recent methods io Quadruples Telegraphy. By Charles ' 
Thom and Willis H. Jonbs. Wilh illustrations. Oblong Svo, cloth, I 
is. (,d. I 

Electric Testing. — A Guide for the Electric Test- i 

ing of Telegraph Cables. By CoL V. HosKiCER, Royal Danish Engineers, 
Third edition, crown Svo, cloth, 4J, ftd. 

Electric Toys. — Electric Toys. Electric Toy- 

M ailing, Dynamo Building and Electric Motor Construction for 
Amateurs. By T. O'CoNOR Sloane, Ph.D. With cuts, crown Svo, | 
cloth, us. M. I 

Electrical Notes. — Practical Electrical //otes and ' 
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Electrical Tables. — Electrical Tables and Memo- , 

randa. BySiLVANUS P. Thompson, D.St, B.A-, F.R.S., and Eustacb 
Thomas. In waistcoat-poeltct size (2§ in. by i| in.), French morocco, ' 
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Electrical Testing. — A Handbook of Electrical 

Testing. By H. R. Kempe, M.I.E.E. Fourth edition, revised and 
enlarged, Svo, cloth, iSi. 

Electrical Testing. — A Practical Guide to the ' 

Testing gf Insulated Wires and Cables. By HERBERT LAWS Webb, 
Member of the American Inslilule of Electrical Engineers, and of the ' 
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Electricity. 

Manual of Electrical Catculationi 

T. O'CoNOR Sloane. Crown Svo, cloth) 4^, bd. 



The Arithmetic of Electricity : a 

by Ekctrical Methods. By 




PUBLISHED BY E. & F. N. SPON. 



Klectricity. — Short Lectures to Electrical Artisans, 

being a Course of Expeiimental Lectures delivered to a practical 
audience. '&'] J. A. Flemtko, M.A., D.Sc (Loud.), Professor of Ekc- 
Itical Tethnology in Uniicrsity College, London, With diagrams, 
fourlb edition, crown Svo, doth, 41. 

Electricity. — Electricity^ its Theory, Soitrces, and 

Applications. By JOHN T. SpraGue, M, Inst. E.E. Tbird edition, 
tboroughlj' revised and extended, 'Jiilh numcrmu illuslrations and tables, 
crown Evo, cloth, 15J. 

I Electricity. — Transformers : their Theory, Con- 
'— ttrvction, and Applicatiaa Simplified. By C. D, Haskins, Assoc. Mem. 
p American Institute of Electrical EitgineErs. illuitralcd, crown Svo, 
I doth, 41. dd, 
felectricity in the House. — Domestic Electricity 
* for AmaUurs. Translated from the French of E. Hospitalier, Editor 
I of 'L'Electricien,' by C. J. Wharton, M. Inst, E.E. Nunitreui 
illuslraliont. Demy Svo, cloth, di. 
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Engineering Drawing. — Practical Geometry, 
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lining. Colouring, Printing, and general treatment of Engineering Draw- 
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Capt. R.E. Second edition, 'with 21 flales. a vols,, cloth, loj. 6^. 



Engineers' Tables.^^ Pocket-Book of Useful 
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considerably enlarged, in waUlcoat-pocket size (2| in, by 2 in.), roan, 

Experimental Science. — Experimental Science: 

Elemenlary, Practical, and Expetimectal Physics. By Geo. M, Hopkins. 
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Factories. — Our Factories, Workshops, and Ware- 

haiises: their Sanitary and Fire- Resisting Arrangements. By B. H. 
TiiWAlTE, Assoc. Meni. Inst. C.E. With 183 wood engraving;!, crown 
8vo, cloth, 91. 

Fermentation. — Practical Studies in Fermentation, 

being contributions to (he Life History of Micro-OTganisms. By Em I L 
Ck. Hansen, Ph.D. Translated by Alex. K. Millkr, Ph.D., 
Manchester, and revised by the Author, With niimeriius illustraHoni, 
8vo, clolh, 12J-. (>d. 

Foundations. — Notes on Cylinder Bridge Piers 

and the Well System of Foundations, By John Newman, Assoc. M. 
Inst. C.E., 8vo, cloth, 6s. 

Founding. — A Practical Treatise on Casting and 

Faitnding, including descriptions of the modem machinery employed in 
the art. By N. E. SPRETSON, Engineer. Fiftli edition, vrith 82 flatis 
dnwn to scale, 412 pp., demy Svo, cloth, iS/. 

French Polishing. — The French - Polisher's 
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Furnaces.— Frac^cal Hints on the Working and 

Construclion of Rfgenerator Furnaces, being an Explanatory Treatise on 
the System of Gaseuus Firing applicable to Relort Settings in Gas 
Works. By Maurice Gkahah, Assoc. Mem. Inst. C.E. Cult, Bvo, 
clotli, 31. 

Gas Analysis. — The Gas Engineers* Laboratory 

Handbook. By John HoaNBY, F.I.C, Honours Medallist in Gas 
Manipulation, City and Guilds of London Institute. Numerous illus- 
tralions, crown Bvo, cloth, &r. 
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Gas engines. — Gas and Petroleum Engines: a 

Practical Treatise on the Internal Combustion Engine, By Wm. Robin- 
son, M.E., Senior Demonstrator and Lecturer on Applied Mechanics, 
Physics, &C., City and Guilds of London College, Finsbury, Assoc. Mem. 
Inst. C.E., &c. JVumeroui illuriraiiitits. 8vo, clotlt. 

Gas Engineering. — Manual for Gas Engineering 

Siudinis. By D. Lee. iSmo, doth, u. 

Gas Works. — Gas Works: their Arrangement, 

Construction, Plant, and Machinery. By F, Colyek, M. Inst. C.E, 
Wilk i\ folding plaUt, 8vo, cloth, 12J. dd. 

Gold Mining. — Practical Gold-Mining : a Com- 
prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels, 
Rocks and Ores, and the MeSiods by which the Gold is extracted. By 
C. G. WA.ENFOHr> Lock, co- Author of ' Gold; its Occurrence and Eitrac- 
tion.' Wi'M 8 p/ata and 275 ensravingi in Ike ttxi, 788 pp., royal 8vo, 
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Graphic Statics. — TkeElemenis of Graphic Statics. 

By Professor Karl Vom Ott, translated from the German by G. S 
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Graphic Statics. — The Principles of Graphic 
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Second Course of Mechanical Drawing. With Preface by Pro£ Pkrry, 
B.Sc, F.R.S. Arranged for use in Technical and Science and Art Instl- 
lutes. Schools and CoUeges, by Gkorce Halliday, Whitworth Scholar, 
t mth illuslralions, 8vo, cloth, 6j.; 
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illuslrated by a series of Working Drawinfis of modern type. 
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C.E. Small folio, cloth, lar. M. 

Heat Engine. — Theory and Construction of \ 

Natural Htal Motor. Tranalaled from the German of Eudolp Dies^ 
by Brvan Donkin, Mem, Inst. C,E. NiimtTOus ctils and plates, 
cloth, 6j. 

Hot Water. — Hot Water Supply: a Practicjj 



General Purposes. With a Chftpler'upoo Estimating. By F. Dy]J 
Witk Uluitralioas, crown Svo, cloth, Jf. 

Hot Water. — Hot Water Apparatus : an Elq 

mentaty Guide for the Fitting and Fixing of Boilers and Apparatus fal 
the Circulation of Hot Water for Heating and for Domestic Supply, Bil|| 
containing a Chapter upon Boilers and Fittings for Steam Coolung. '*• 
F. Dyb. 31 illuitralioHi, fcap. Svo, cloth, u. bd. 
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Hydraulic Machinery.— .^(/ra?//^V Steam ani 
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Hydraulic Motors. — Water or Hydraulic Motors. 

By Philip R. Bjokling. With 206 illuitratians, crown Svo, cloth, gj. 
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Hydropathic Establishments. — The Hydro- 

paikk Establiikmenl and Us Batks. By K. O. Allsop, Architect. 
Author of ' The Turkish Balh.' Illustrated with flata and sections, Bvo, 
cloth, 5^. 



Ice Making. — Theoretical and Practical Ammonia 

Refrigeraticn, a work of Reference for Engineers and others employed in 
the management of Ice and Refrigeration Machinery. By Iltvd L. 
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try. With 2'jptatis. Square l6mo, cloth, 41. hd. 

Indicator. — Twenty Years with the Indicator. By 

Thomas Pray, Jun., C.E,, M.E., Member of the American Society of 
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Indicator. — A Treatise on the Richards Steam- 

Engint Indicator and the Da/ehprntnt and Application of Font in ihc 
SUam-Enginc. By Charlks T, Porter. mth illuslralians. Fourth 
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Induction Coils. — Induction Coils and Coil 

Making : a Treatise on the Construction and Working of Shock, Medical 
and Spark Coils. By F. C. Allsop. WiIA 118 illustrations, crown 8vo, 
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Iron. — The Mechanical and other Properties 0/ Iron 
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Engineer. Crown Svo, cloth, &[. 
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Site! and Iron, working drawings for Rails, Sleepers, Girders, Bnlbsj 
Ties, Angles, &c., tilso Bloominy and Cogging for Plates and BUleU 
By ADA.U Spencer. Second eiUtion. -uiilh 7S largcplatts. lllustratiDHI 
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Locomotive. — The Constructmi of the Moderf. 

LacBmocivi. By George Hughss, Assistant in the Chief Mechania 
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Lime and Cement. — A Manual of Lime am 

Cemertt, their treatment and use in construction. By A. H. Heati 
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Liquid Fuel. — Liquid Fuel for Mechanical as 

/nduslrial Purposes. Compiled by E. A. Braylby Hodcetts. 
it'ood iKgraviagi. 8vo, cloth, ^t. 

Machinery Repairs. — The Repair and Main, 

ancc 0/ MacJiiiuiy ; a Handbook of Practical Notes and Memoranda 
Engineers and Machinery Users. By T. W. Barber, C.E , M. 
Author of ' The Engineers' Sketch Book.' iVilh about 400 illustratia 
8vo, cloth, los. dd. 
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day use, By NokmaN Hl'GHes. Cuts, izmo, cloth, 31. bd. \ 

Mechanical Engineering. — Handbook for Ms^, 
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Mechanical Engineering. — The Mechanician: 

a. Tieatise on the Con^truclloD and Manipulation of Tools, foi the use and 
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Arts of Blacksmithing and Foiling ; the Constrnction and Manufacture 
of Hand Tools, and the various Methods of Using and Grinding them ; 
description of Hand and Machine Processes ; Turning and Screw Cutting. 
Bjr Cameron Knisht, Engineer. Containing 1147 illuslraliont, and 
397 pages of letter-press. Fourth edition, 4I0, doth, i8j. 

yicch^L.mcaX'iAov&me.riX^.—TheEngifteers'Skeick- 

Booi of Mtchankal Mmnmenis, Devices, Appliances, Contrivances, Dttaib 
emphycd in the Design and Construction of Machinery for every purpose. 
Collected from numerous Sources and from Actual Worlt. Classified and 
Arranged for Reference. Nearly 2000 lllustralioni. By T. W. Barbek, 
Engineer. Second edition, 8vo, cloth, "ji. 6d. 

Metal Plate 'WoA.—Melal Plate Work: its 

Patterns and their Geometry. Also Notes on Metals and Rules in Men- 
suration for the nse of Tin, Iron, and Zinc Fl ate- workers. Coppersmiths, 
Boiler-makers and Plumbers. By C. T. MiLLls, M.I.M.E. Second 
edition, considerably enlarged. With numerauii illustrations. Crown 
Sto, cloth, 91, 

Metrical Tables.— Meirtcal Tables. By Sir G. L. 

MOLKSWDRTH, M.I.C.E. 33mO, cloth, IS. dd. 

Mill-Gearing. — A Practical Treatise on Mill-Gear- 
ing, Wheels, Shafts, Riggers, etc. ; for the use of Engineers. By THOMAS 
Box, Third edition, v/itA 1 1 p/a/es. Crown Bvo, cloth, js. 6d. 

Mill - Gearing. — TAe Practical Millwright and 

Engineer's Ready Reckoner; or Tables for finding the diameter and power 
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Miners' Pocket-Book. — Miners' Pocket-Book; a 

Reference Book for Miners, Mine Surveyors, Geologists, Mineralogists, 
Millmen, Assayers, Metallurgists, and Metal Merchants all over the 
world. By C. G. Warnfokd Lock, author of ' Practical Gold Mitung,' 
' Mining and Ore-Dressing Machinery,' &c Second edition, fcap. Svo, 
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Mining. — Eeonomu Mining; a Practical Hand- 
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' Practical Gold Mining.' IVilh illiislralians, 8vo, cloth, 21s. 

Municipal Engineering. — Tke Municipal and 
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Second edition, demy 8vo, cloth, 151. 
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Paints. — Pigments, Paint and Painting. A 

Practical Book fof, rnctical Men. By George Terkv, Wilh illus- 
tralions, crown Svo, cloth, ■Jt. 6J. 

Paper Manufactur.e. — A Text-Book of Paper- 

Making. By C. F. CROSS a^d E. J. BeVAN. With en^avin^s, 
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Perfumery. — Perfumes and their Preparation. 

containing complete directions for making Handkerchief Perfumes, 
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engravings, Svo, cloth, lis. 6d. 
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(Rockets, Stars, Rains, 


Lathing, 






Gerbes, Jets, Tour- 


Lubricants. 


Varnishes, Manufacture 




billons, Candles, Fires, 


Marble Working. 


and Use of. 




LanceSjLights, Wheels, 


Matches. 






Fire-balloons, and 


Mortars. 


Waehing. 




minor Fireworks). 


Nitro-Glycerine. 


Waterproofing. 




Fluxes. 


Oils. 


Welding. 




Foundry Mixtures. 








Besides Receipts relating to tlie lesser Technologi 


al matters and processes, 




such as the manulacture and use of Stencil Plates, 


Blacking, Crayons, Paste, 




Putty, Wan, Size, Alloys, Catgut, Tunbridge W 


are. Picture Frame and 




Architectural Mouldings, Compos, Cameos, and others too numerous to ■ 




^^^^ 
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Ciown 8vo, cloth, 4S5 pages, with illustrations, 

WORKSHOP RECEIPTS.' 

SECOND SERIES. 







Sv^opsIS OF Contents. 




Addimetiy and 


AUtaU. 


Disinfectants. 




metry. 




Dyeing, Staining, and 


Isinglass. 


Albumen. 




Colouring. 


Ivpry sutatitnt 


Alcohol. 




Essences. 


Leather. 


Alkaloids. 




Extracts. 


Luminous hodi 


Baking-powders 




Fi reproofing. 


Magnesia, 


Bitters. 




Gelatine, Glue, and Size. 


Matches. 


Bleaching. 






Paper. 


Boiler Incrustations. 


Gut. 


Parchment. 


Cements and Lutes. 


Hydrogen peroxide. 


Perchloric acii 


Cleansing. 




Ink. 


Potassium oia] 


Confectionery. 




Iodine. 


Pteaerving, 


Copying. 









Figments, Paint, and Painting: : embracing the preparation oi 
Figmenli, including alumina lakes, blacks (animal, bone, FrankforC, ivory, 
lamp, sight, soot), blues {antimony, Antwerp, cobalt, cterulemn, Egyptia^ 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns jtiistrei 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswicki 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian^ 
sap, Scheele's, Schweinfurth, titanium, verdigris, linc), reds (Brazilwood lake) 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal kke, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites {olom, 
baryta, Chinese, lead sulphate, while lead — by American, Dutch, FrenclU 
German, Kiemnltz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, line white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; PaitA 
(vehicles, testing oils, oriera, grinding, storing, applying, priming, drying; 
filling, coats, brushes, surface, water-colours, removmg smell, discoloration 1 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold pain^ 
iron paint, lime paints, silicated paints, steatite paint, transparent painty 
tungsten paints, window paint, zinc paints) ; Painting (general instrnctioiis, 
proportions of ingredients, measuring paint work ; carriage painting — priminfl 
paint, best putty, finidiing colour, cause of cracking, mixing the paints, o'"- 

driers, and colours, varnishing, importance of washing vehicles, rt '-" 

how to dry paint ; woodwork painting). 
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y 


■ THIRD SERIES. ^^ 


1 


^M Uniform with the Tirat and Second Series. 




^K Synopsis of Coktents. 




^Alloys. 


Iridium, 


Kubidinm. 




Alumininm. 


Iron and SteeL 


Euthemnm. J 


^^ 


AjBfbaonj. 




Selenium. | 


^H 


BaiiDin. 


Lanthanum. 


Silver, 1 


^^1 


^^cTlIiom. 


Lead. 


Slag. 1 


^H 


^^tmnOi. 


Lithium. 


Sodium. 1 


^^1 


Hctdmlwii. 


Lubricants. 


Strontium. 1 


^H 


V^i^ 


Magnesium. 


Tantalum. ^^^B 


^H 


Cftldom. 


Manganese. 


Terbium. ^^^| 


^H 


Cerinitt. 


Mercury. 


Thallium. ^^^| 


^H 


Chromiiim. 


Mica. 


Thorium. ^^H 


^H 


Cobalt 




^H 


^H 


Copper. 


Nickel. 


^^^^^^^^1 


Didymium. 


Niobium. 


Tungsten. ^^^^^H 


^^ Enamdt tud Glaies. 


Osmium, 


^^^^^^1 


^tCrbinm. 


Palladium. 


Vanadium. ^^^^| 


^Hballiuni. 


Platinum. 


^H 


^^^k£S. 


Potassium. 


^^^1 


^KiGold. 


Rhodium. 


Zirconium. ^^^H 


^Klndium. 




^ 


B^fciy/«.— Alarms, Bells, Batteries. Carbons, Coils, Dynamos, Micro- ^^^| 


phones, Measuring, Phonographs, Telephones, &c., 130 ]ip., 112 Uluslratiotit. ^^H 
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WORKSHOP RECEIPTS. 

FOURTH SERIES, 

DEVOTED MAINLY TO HAKDICRAFTS S MKCHASICAL SDBJBCTi 






Waterproofing; — rubber goods, cuprunmonium processes, miscellaneoni 

prepiu-a.tions. 
Packing and Storing articles of delicate odour or colour, of a deliquescenl 

ciiaj'acter, liable to ignitioti, apt to suffer from insects or dsmp, or easiU 

brofceo. i 

Embalming and Preserving anatomical specimens. 

Leather Polishes. J 

Cooling Air and Water, producing low temperatures, making ice, coolini 

syrups and solutions, and separating salts from li<iuors by refrigeration. I 
Pumps and Siphons, embracing every useful contrivance for raising anj 

supplying water on a moderate scale, and moving corrosive, Cenacioiil 

and other liquids. 
Desiccating — air- and water.ovens, and olhec appliances for drying n 

and artificial products. 
Distilling — water, tinctures, extracts, pbarmaceuCical preparation 

perfmnes, and alcoholic liquids. ; 

Emulsifying as required by pharmacists and photographers. 
Evaporating — saline and other solutions, and liquids 'demanding specif 

precautions. ; 

Filtering — water, and solnlions of various kinds. I 

Percolating and Macerating. I 

Elcctrotyping. J 

Stereotyping by both plaster and paper processes. I 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc 
Musical Instruments — the preservation, tuning, and repair of pianoi 

harmoniums, musical boxes, etc. 
Clock and Watch Mending — adapted for intelligent amateurs. 
Photography — recent development in rapid processes, handy apparatoi 
E recipes for sensitiijng and developing solutions, and ftppliclj 



tions to modem illustrative purposes. 



i 
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WORKSHOP RECEIPTS, 1 




FIFTH SERIES. ^H 


Contauiing muiy new Articles, as well as additions to Articles included in ^^^^| 


the previous Series, as follows, viz. :— ' ^^^^^| 




Glass Manipulations for Laboratory ^^^H 


Barometers, How to make. 


Apparatus. ^^^^| 


Boat Building, 


Labels. Lacquers. ^^^H 


Camera Lucida, IIow to use. 




Cements and Lutes. 


Inks. Writing, Copying, Invisible, ^^^M 


Cooling. 


Marking, Stamping, ^^^H 


Copying, 




Corrosion and Protection of Metal 


and preparation of slides. ^^^^| 


Surfaces. 


Metal Work. Casting OmameDlal ^^^H 


Dendrometer, How to use. 


Metal Work, Copper Welding ^^H 




Enamels for Iron and other Metals, ^^^^| 


Diamond Cm ting and Polishing. Elec- 


Gold Beating, Smiths' Work. ^^^H 


trics. New Chemical Batteries, Bells, 


Modelling and Plaster Casting. ^^^1 




Netting. ^^^H 


of Electric Lighting, Microphones, 


Packing and Storing. Acids, &c ^^^| 


Simple Motors. Phonogram and 


Percolation. ^^^| 


Graphophone, Registering Appa- 


Preserving Books. ^^^^| 


ratus, Emulators, Electric Welding 


Preserving Food, Plants, &c. ^^^| 


and Apparatas, Transformers. 


Pumps and Sn>1io°s for various ^^^| 


Evaporating. 


^^H 


E^ploEives. 


Repairing Books. ^^^| 


Filtering. 


Rope Tackle. ^^H 




.Stereotyping. ^^M 


brics. 


Taps, Various, ^^M 


Fire -extinguishing Compounds and 


Tobacco Pipe Manufacture. ^^H 


Apparatus. 


Tying and Splicing Ropes. ^^^^| 


Glass Manipulating. Drilling, Cul- 


Velocipedes, Repairing. ^^^| 


ling, Breaking, Etching, Frosting, 


Walking Sticks. ^^H 


Powdering, &c. 


Waterproofing, ^^^^| 
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In demy Svo, doth, 600 pages and 1420 illustrn,tions, 6s. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 

Contests. I 

Mechanical Drawing — Casting and Founding in Iron, Brass, BronK| 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpsnlry and Joinery, embracinj 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses, Explanations (with Diagrams) of 1 16 joints and hinges, and 
Details of Construction of Workshop appliances, rough furnitur^ 
Garden and Yard Erections, and House Building — Cabinet-Making: 
and Veneering — Carving and Fretcutting — Upholstery — Fainting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, andl 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood^ — Varnishing — Mechanical movements^ 
illustrating contrivances for transmitting motion — Turning in Woodi 
and Metals — Masonry, embracing Stonework, Brickwork, Terracottai 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glaring with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation —Hints on House Construction suited to new 
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